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practical Surveying; 
Which is demonſtrated 
From its Fiſt PRINCIPLES. 


Wherein 


Every Thin 
ART 1s 


that is U/eful and Curiaus in that 

My conſidered and explained. 

Four new and very conciſe Methods to determine 
the Areas of Right-lined Figures Arithmetically, 
or by Calculation, as well as the Geometrical ones 
heretofore treated of; with two other new Geo- 
metrical Methods much more accurate and ready 


than any of the former, never before made pub- 
lic. 


ALSO 
The Method of Tracing Defaced Mearings from the 
Down (or any other) Survey. 


Very uſeful to Perſons — — Property in Land, to 
Lawyers in controverted | chang and nin 8 Sur- 
veyors. 


The whole illuftrated with Copper-Plates. 


Tus Twas Evit1ow. 


By Rozext Gisson, Teacher of the Mathematics. 
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"GO 
THE RIGHT HONOURABLE | 
THOMAS CARTER, 0 


Mas rk of the ROLLS, &c. Nc. 


SIR, 


T H E great Knowled ge Vou 
have acquired in all kinds 
of Polite Literature, and 

the Encopragement You conſtanly 

give for the Propagation of them 
in general, but more particularly 
to the Mathematical Sciences, are 

M iotives ſufficient to direct me to 

dedicate this Work to you. 


1 SIR, is not my 
Province, and if it were, I know I 
muſt offend one of your extenſive 
Learning, ſhould I attempt ro diſ- 
play it on this Occaſion: Yet I 
muſt fay, that if but one fourth 
Part of the Nobility and Gentle- 


men of opulent Fortunes in this 


A 2 Kingdom, 


DEDICATION. 
Kingdom, were of your unlimited 
_ generous Diſpoſition in encouraging 

Arts and Sciences; we might in a 
few Years, be able to vie with any 
Country whatſoever. 


That you may long enjo an 
uninterupted State of good Health 
is the Wiſh of moſt; but of none 
more particularly, than of 

8IR, 

Nur moſt obliged, 
moſt obedient, 
and moſt aſſured 

Humble Servant, 


Rog ER T GissoN. 


—— 


PREFACE. 


HE Word Geometry imports no more than 
to meaſure the Earth, or to meaſure Land; 
yet in a larger and more proper Senſe, it is applied 
to all Sorts of Dimenſions. It is generally ſup- 
poſed to have had its Riſe among the Egyptians, 
from the River Niles deſtroying and confounding 
all their Land-marks by its annual Inundations, 
which laid them under the Neceſſity of inventing 
certain Methods and Meaſures, to enable them to 
diſtinguiſh and adjuſt the Limits of their reſpec- 
tive Grounds, when the Waters were withdrawn. 
And this Opinion is not entirely to be rejected, 
when we conſider that Moſes is faid to have ac- 
quired this Art, when we reſided at the Egyptian 
Court. And Achilles Tatius in the Beginning of 
his Introduction to Aratus's Phenomena, informs us, 
that the Egyptians were the firſt who meaſured the 
Heavens and the Earth (and of courſe the Earth 
firſt) and that their Science in this Matter, was 
engraven on Columns, and by that means dcli- 
vered to Poſterity. | 


It is a Matter of fome Wonder, that though Sur- 
veying appears to have been the firſt, or at leaſt 
one of the firſt of the Mathematical Sciences, 
that the reſt have met with much greater Improve- 
ments from the Peas of the moſt eminent Mathe- 
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maticians, while this ſeems to have been neg- 
lected; inſomuch that I have not been able to 
meet with one Author, who has ſufficiently ex- 
plained the whole Art in its Theory and Practice: 
For the moſt part, it has been treated of in a prac- 
tical Manner enly ; and the few who have under- 
taken the Theory, have in a great Meglure omit- 
ted thc Practice. | 


Theſe Conſiderations induced me to attempt a 
methodica!, eaſy and clear Courſe of Surveying ; 
how far 1 have ſucceeded in it, muſt he de- 
termined by the impartial Reader : The Steps I 
per” taken to render the whole evident and ſa- 

mar are as follow: 


In Section the Fiſt, you nave D Fractions, 
the Square Root, Gcometrical Definitions, ſome 
neceſſary Theorems and Problems; with the Na- 


ture and Uſe of the Tables of Logarithm Num- 
bers, Sines, Tangents, and Secants. 


The ſecond Section contains Plane Trigonomctry 


right angled and oblique, with its Application in 


determining the Meaſures of weccethbie Heights 
and Diſtances. 


The third Section gives an Account of the Chains. 
and Meaſures uſed in Great-Britara and Ireland 
Methods of Surveying and of taking inacceſſible 
Diſtances by the Chain only, with fone ncceſary 
Problems; alio a particular Deſeription of the i-- 
veral Inſtrame: nts uſed in Surve! in 85 with their 
reſpective Uſes. 


The fourth Section contains f Ve various * 


of hacling the Areas of Maps, frera their Geome- 
7 
trick! 
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trical Conſtruction; two of which mcre conciſe 
than the reſt, were never before made public. 


The fifth Section contains four new, and muck 
more conciſe Methods of determining the Areas 
of Surveys from the Field Notes, or by Calcula- 
tion than any hitherto publithed ; and I venture to 
aſſert that it 1s impoſſible (from the Nature of right- 
lined Figures) that any Method or Metheds more 
conciſe than theſe can be inveſtigated. 


To theſe Methods is annexed a ſhort Table of 
Difference of Latitude and Halt Departure, to 
every Degree and Quarter of a Degree of the Qua- 
drant, the ſtationary Diſtance being one Chain; 
which will be found as ready, by a little Practice, 
and perhaps more exact, than thoſe already pub- 
iſhed. To this is annexed a Table for reducing 
Degrees of the Circumferentor to thofe of the Quar- 
ter Compajs, and the contrary ; alto the Method 
of changing Angles of the Field, taken by Theo- 
dolite, Semicircle, or Plane (able, to thote from the 
Meridian; for the greater Readineis and Accuracy 
in Protraction, as well as to prepare them for Cal 
culation. 


Truth calls upon inc to acknowledge, that tlic 
Methods by Calculation, herein ſet forth, got then 
Riſe from thoſe of the late Thimas Burgh, Eſq, 
who firſt diſcovered an univerſal Method for deter- 
mining the Areas of right-lined Figures, and for 
which he obtained a parliamentary Reward. I hope 
therefore it cannot be ccnftrued as an Intention in 
me to take from his great Merit, when 1 tay, that 
the Methods herein contained are much more con- 
ciſe and reatiy than his. 


Jection 


reducing one Meaſure to another ; how to find by 
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Section the ſixth contains the Nature of Off-ſets, 
and the Method of caſting them up by the Pen; 


The Nature and application of Interſections: The 


Methods of enlarging, diminiſhing, and connecting 
of Maps: The Method of tracing defaced Mear- 
ings from the Down (or any other) Surveys: The 
Variation of the Compaſs by Amplitudes and Azi- 
muths, with ſome of its Uſes; to which is 
a Table of the Sun's Declination : The Method of 


what Scale a Map 1s laid down, having the Map 


and Area given: How to find the Content of 


Ground that is ſurveyed by a Chain that is too lon 
or too ſhort: The Method of dividing Eands: 
And the whole concludes with ſome neceſſary Di- 
rections and Remarks on Surveys in general. 


THE 
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PRINCIPLES 
SURVEYING. 
der. 1 


Containing Decimal Fractions, the Square Root, Geo- 
metrical Definitions, Theorems and Problems; with 
the Nature and Uſe of the Tables of Logarithm 
Numbers, Sines, Tangents, and Secants. 


DEF "INIT 1ON. 


URVEYING is that Art which enables us to 
give a Plan, or juſt Repreſentation, of any 
Piece or Parcel of Land, and to determine the 
Content thereof, in ſuch Meaſure as is agreeable 


and cuſtomary to the Country or Place where the 
Land is. 


This Science depends on fone Part of the Mathe- 


matics, which muit be known before we can treat 


ct it, wherefore we ſhall begin with 
DECIMAL FRACTIONS. 


if we ſuppoſe Unity or any one Thing to be di- 
vided into any aſſigned Number of equal Parts, this 
Number is called the Denomunator ; and if we chuſe 
to oe any Number of ſuch Parts leſs than the 
Va - ae his is called the Numerator of a Fraction. 


= Si i 
* * 
C SEL 
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2 DECIMAL FRACTIONS. 


The Numerator, in the Vulgar Form, is always 
wrote over the Denominator, and theſe are ſepara- 
ted by a ſmall Line thus , or 7, anni, the firſt 
of theſe is called 5 Twelfths, and the latter 7 
Priliths of an Inch, Yard, Perch, Sc. or of what- 
cver the whole Thing originally Was. 

Frachons are s cprcfſed in two Forms, that is, ci- 
ther vulcarly or decimally. 

N Fractions hee Denominators do not con 
tt of a Cipher or Cyphers tet alter Unity, are 
called vulger ones, and their Denominators are al- 
ways wrote under their Numcrators. The treating 
&f thete would be foreign to our preſent Purpoſe. 
Put Fractions v. hofe Denominators conſiſt of an 
Unit, prefixed to one or more Cyphers, are called 
Decimal Fractions ; the Numerators of which are 
v/rote without thcir Denominators, and are diſtin- 
guiſhed from integers by a Point prefixed : Thus .: 


29 
32 4 


and d in the Decimal Form, are expreſſed 
by .2 .42 .172. 

The Denominators of ſuch Fractions always 
conſiſting of an Unit, prefixed to as many Cyphers 
as there are Places of Figures in the Numerators, 
it follows, that any Number of Cyphers put after 
_ Numerateus, will neither inereaſe or leſſen 
their Value: For + and woc are all of the 
r Valve, and will ſtard in the Decimal Form 
this .z . 30 . 300; but a Cypher or Cyphers pre- 
ned to thole Numerators, leilen their Value 1 in a 
tenfollt Preportion: For & © and vccs which in 
the IX cimal Form we denote by .3 .03 and .o09, 
are Fractions, of which the firſt” is ten Times 
ener than the fecond; and the eco d, ten Times 
LET than the tiurd, | 

L:epcoc it appcars, that as the Value and Deno- 

zinatiun of any Ligure or Number of Figures in 

inmon Arithmetic is c glarged, and becumes ten 


OT 


DECIMAL FRACTIONS. 2 
or a hundred, or a thouſand Times greater, by 
placing one or two, or three Cyphers after it; 10 
in decimal Arithmetic, the Value of any Figure or 
Number of Figures, decreaſes, and becomes ten, 
or a hundred, or a thouſand Times leſs, white the 
Denomination of it increaſes, and becomes to many 


Times greater, by prefixing one, or two, or three 


Cyphers to it: And that any Number of Cyphers, 
before an Integer, or after a decimal Fraction, have 
no Effect in changing their Values. 


Integers. Decimals. 

— — ——— — 
14 7 163 812361 
7 EtUYt=S<5z 
288385 53522508 
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Addition of DECIM ALS. 

Having placed ,thoſe Figures which are equi- 
diſtant from the Point, (as wel! Integers as Frac- 
tions) under each other, add them as if they were 
Integers. 

EXAMPLES. 


Add 4.7832 3.2543 7.8231 6.03 2.85" 
and 3.25t together. Place them thus, 
4.7832 
3.2543 
7.8251 
6.03 
2.657 
3-251 


PEI 


Anſwer 28.0006 


B 2 Ad 


4 DECIMAL FRACTIONS. 
Add 6.2 121.306 .75 2.7 and .o007 to- 


gether. 121.306 


75 
2.7 


Anſwer 130.955 


What's the Sum of 6.5) 1.026 .75 146.5 
8.7 526 3.97, and 02717 
Anſwer 693.5431. 
What's the Sum of 4.51 146.071 .507 0006 


132 62.71 507 7.9 and . 10712 


Anſwer 354.3122. 


Subtratim of DE CIM ALS. 


Having placed the Figures which are equidiſtant 
rom the Point, under each other; deduct as if they 


Bere Integers. 
Ex AML x. 
From 38.765 take 25.3741 
25. 2 | 


Aniwer 13. 3909 


—*ṼE . ———— — 


From 2 2 4 take .847 2 
8472 


1.5528 


0 — — — 


From 71.45 take 8.48 37248 
Anſwer 62.96627 52. 
From 


m 


PDECIMAL FRACTIONS. « 


From 84 take 82.3412 
Anſwer 1.6588 


Multiplicationof DECIMALS. 


Place the Multiplicand, and Multiplier, * any 
Manner under each other; and having multiplied 
as in whole Numbers, cut off as many * 
Decimals in the Product, counting from the 
Hand towards the left, as there are in the M bi 
plicand, and Multiplier : But if there be not a 
iufficient Number of Places in the Product the 
Defe&t may be ſupplied, by prefixing — 


thereto. 


For the ak of the Product, being an 
Unit, prefixed to as many Cyphers, as the Deno- 
minators of the Multiplier and Multiplicand contain 
of Cyphers, it follows, that the Places of Decimals 
in the Product, will be as many as in the Numbers 


from whence it aroſe. 


EXAMPLES. 


Multiply 48.765 by .003609 
9003609 


438885 
292590 
146295 


Anſwer . 17 59928 A 5 


Multiply 121 
by 14 


484 
121 


Anſwer. 01694 
1 Multiply 


6 DECIMAL FRACTIONS. 
Multiply 121.6 by 2. * 
2.76 
7296 
8512 
2432 


Anſwer 335.616 


Multiply . 089789 by 1085 
Anſwer 9.7421065 


Multiply .248723 by .13587 
Anſwer 03379399401 


Diviſan of DECIMALS. 


Having divided as in whole Numbers, anrexing 
Cyphers to the Dividend if they be wanted; the 
Decimal Places in the Diviſor and Quotient muſt 
be equal to thoſe in the Dividend, and the Defect 
tupply'd by prefixing Cyphers to the Quotient. 

For the Dividend 1s a Product, contained under the 
Diviſor and Quotient; and that Product contains as 
many Places of Decimals as the Numbers do from 
whence it aroſe : Therefore the Difference between 
the Number of Decimals in the Dividend and Divi- 
tor, muſt be cut off in the Quotient. 


Divide .144 by .12 
.12)-144(1.2 


24 


— — 


Ex AM- 


d Jus 
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DECIMAL FRACTIONS. 7 
EXAMPLES. 


Divide 63.7241 3456922 by 2718. 
2718)63.72413456922(.02344522979 


9304 


_ 


12101 


„ 


12293 


— 


14214 


221472 


24462 


Anſwer 0234452297 9 


There being 11 decimal Figures in the Dividend, 
and none in the Diviſor, 11 Figures are to be cut off 
in the Quotient; but as the Quotient itſelf conſiſts of 
but 10 Figures, we prefix to them a Cypher to com- 
pleat that Number. 

Divide 1.728 by. 012 

0121.728044 


—— — — 


32 


| 


4.8 


— ———' 


Becauſe 


3 DECIMAL FRACTIONS. 


Becauſe the Number of decimal Figures in the 
Diviſor and Dividend, are alike, the Quotient wil! 
be Integers. 

Divide 2.00000 by 3.1416 

3-1416)2. 0 636618 


115040 


207920 


194240 


57449 


260240 


8912 
There being 4 decimal Figures in the Diviſor, and 
10 including the Cyphers brought down in the Divi- 
dend, the Difference, which! is 6 Fi igures, to be cut off 
in the Quotient. 
Divide 8744607 r by 004387. 
Anſwer 199. 33. 
Divide .624672 by 482.. 
Anſwer . 001295. 
Divide 66.993548 by 27.4 
Anſwer 2.44502. 


PR OB. I. 
To Reduce a Vulgar mes: a Derianal one of the fam: 


Having annexed a ſufficient Number of Cyphers 
as Decimals, to the Numerator of the Vulgar 
Fraction, divide by the Denominator; and the 
Quotient thence ariſing, will be the decimal Fraction 


required. 


Ex AM- 


8 


w 8 


of 


DECIMAL FRACTIONS. 3 
 ExAMPLESs. 
Reduce 4 to a Decimal Fraction. 
4)3.00(.75 Anſwer. 


20 


For + of one Shilling, Yard, Perch, Fc. is equal 
to one Fourth of three Shillings, Yards, Perches, 
Sc. therefore if three be divided by 4, 3 — 
will be the Anſwer. 


Reduce 5 to a Decimal Fraction. 
5)2.0(.4 Anſwer. 
| Reduce 43 to a Decimal FraQtion, 
25)12.00(.48 Anſwer. 


200 


— — 


Reduce 25; to a Decimal Fraction. 
Anſwer .1146789. 


P R O B. II. 
To find the Value of a Decimal Fraction, in the known 
Parts of the Integer. 


Multiply the Decimal into the Number 
equal Parts contained in the Integer, and the 
Product will be the Number of ſuch Parts as are ex- 
preſſed by the Fraction. 


What's the Value of .25 of a Pound Sterling? 
20 


Anſwer Shillings 5. oo 


C For 


10 DECIMAL FRACTIONS 


For 25 or de of one Pound, is equal to the one 
hundredth Part of 25 Pounds, or of the Shillings 
in 25 Pounds, which are 500; therefore the one 
hundredth Part thereof will be 5 Shillings; which 
is effected by cutting off the two Cyphers, for the 
two Decimals, by a Point. Tt 


What's the Value of .385 of a Pound Sterling? 


20 


Shillings 7. 700 
1 


Pence 8.400 
7 
Farthings 1 600 
What's the Value of 48 of a Chain of 30 Links? 
— | 


Anſwer, Links 24.00 


What's the Value of .2864 of a Shilling? 
12 


Pence 3.4368 
4 


— 


Farthings 17472 


What's the Value of .287 of a Pound Weight 
Troy? 
Ii _ Oz. &vt. grs. 
Anſwer 3. 8. 21. 


What's 


's 


The EXTRACTION of the 


The SQUARE ROOF. 11 
What's the Value of . 2945 * a * Avoir- 
dupoiſe? 
Oz. dots. 


Anſwer 4 113 


6 — — 


—B 


SQUARE ROOT. 


Square Number is the Product of a Number 
A multiplied by itſelf; and the Number fo mul- 
tiplied is called the Root of that Square; thus 9 is 
the Square of 3, and 3 is the Root of g, for 3 mul- 


lumber be given to find 1ts Root, 


obſerve if the Number of Figures or Places in the 


given Square be odd or even, if they be odd, find 
the Root of the firſt Figure, bur if they be even, 
of the two firſt ; under which place the Square of 
that Root, and deduct, placing the Root in the 
Quotient, and bring down two Figures to the Re- 
mainder. 


Let the Double of the ſaid Root be made a Divi- 


for toall the Figures of that laſt Remainder, except 


the laſt; put the Quotient thereof with the Roor, 


or former Quotient; and having multiplied it into 
the Numbers fo formed, deduct the Product from 


the — es or Reſolvend: And in like 
Manner proceed, till all the — of the given 


Square are * 


If there be any Decimals in the given Square, 
their Number muſt be even or made ſo, before we 
— n to find the Root, by adding a Cypher to the 
right Hand; and for every two Places of Decimals 
in the Square, let one be cut off in the Root. 

C2 


ExAM- 


- — — =: - 
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12 The SQUARE ROOT. 


ExAaMPLES. 
. What's the Square Root of this Square Num- 


1 2981 16 
29,81, 160546 
25 | 


104)48 1 
416 


1086).6516 
6516 


ww Y 


Becauſe the Number of Figures in the given 
Square Number is even, we find the neareſt Square 
Number to the two firſt Figures 29, which js 

25, the Root whereof 5, we fet in the Quotient, 
and deduct 25 from 29, and to the Reſidue 4, we 
annex the following Figures 81, ſo we have 481 
for a Reſolvend. 

The double of the firſt Figure in the Quotient 
being 10 is then ſet as a Diviſor to 48, all the Fi- 
gures in the Reſolvend but the , and fnding 
it to be coniained 4 Times, we annex the 4 to the 
Diviſor and Quotient; the then Diviior ic4 1s 
multiplied by the laſt Figure in the Quotient 4, 
and the Product 416 is deducted from the R=:ol- 
vend 481, to the "Reſidue whereof is annexed the 
two following Figures in the Square, ſo we have 
6516 for a new Reſolvend, to all which Figures 
but the laſt we make 108, the double of 54, the 
Figures in the Quotient a Diviſor, and finding it 
will be contained 6 Times, we place 6 in the Di- 
viſor and Quotient; the then Diviſor 1086 is mul- 
tiplied by the laſt Figure in the Quotient 6, and 
the Product being ſet under the Reſolvend and 


thence 


The SQUARE ROOT. 13 
rence deducted leaves Nothing: So is 546 the 
Root ſonght. 

For if the Root 546 be ſquared or multiplied 
by 546, the Product will be the ſquare Number 


Sir en. 


2. What is the Square of 1710864 ? 


1,71,08,64(1 358 Anſwer. 
I 


— — 


230.71 
69 


2608). 20864 
20864 


What is the Square Root of 3857.3? 


Here being an odd decimal Figure, we annex 
any odd Number of Cyphers to make the Decimal 


Places even; and then extracting the Root as be- 


fore, we thence cut off half the Number of Deci- 
mals that we have in the Square. Thus 
Root | 
3857. 300000062. 107 Anſwer. 
36 
122)257 
244 


1241)133C 
I241 
124207) 890090 
809449 


— 


J. 


li 14 The SQUARE ROOT. 
Wi If to the Square of this Root we add the remain- 
ing Figures 20551, we ſhall have our given Square, 
whoſe Root was required. 


= What is the Square Root of 160073104; > 
164 Anſwer 126. —_ 


What is the Square Root of 348. 17320836 ? 
Anſwer 18.6594. 


What is the Square Root of 1 2345678987654321 ? 
Anſwer 111111111. 


The Application of this will hereafter be ſhewn. 


THE 
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THE 
ELEMENTS 
OF 


Plane Geometry. 


DEFINITIONS. 


Plate I. 


FUEOMETRY is that Science wherein we 
J conhder the Properties of Magnitnde. 


2. A Point is that which has no Parts, being of 
itſelf indiviſible, as A. 


3. A Line has Length but no Breadth, as AB 
Figures 1 and 2. 95 


4. The Extremities of a Line are Points, as the 
Extremities of the Line AB are the Points A and B. 
Figures 1 and 2. 


5. A right Line is the ſhorteſt that can be drawn 
between any two Points, as the Line AB. Fig. 1. 
but if it be not the ſhorteſt, it is then called a 
curve Line, as AB. Fig. 2. 


6. A 


16 GEOMETRY. 
Plate I. 


6. A Superſicies or Surface is conſidered only as 
having Length and Breadth, without — as 
ABCD. Fig. 3. 


. The Extremities of a Superficies are Lines. 


8. The lackaation of two Lines meeting one 
another (provided they do not make one continued 


Line) or the opening between them is called an 


Angle. Thus Fig. 4, the Inclination of the Line 
AB to the Line BC meeting each other in the Point 
B, or the opening of the two Lines BA and BC, is 
called an Angle, as ABC. 


Note, When an Angle is expreſſed bo three Let- 
ters, the Middle one is that at the angular 
Point. 


10. When the Lines that form the Angle are 
Right ones, it is then called a Right-lined Angie, as 
ABC. Fig. 4. If one of them be Right and the 


other Curved, it is called a Mix'd-Angle, as B. Fig. 


5. If both of them be curved it is called a Curved- 
lined or a Spherical Angle, as C. Fig 6. 


11. If a right Line CD (Fig. 7) fall upon ano- 


ther right Line AB, fo as to incline to neither 


Side, but make the Angles ADC, CDB on each 
Side equal to each = then thoſe Angles are 
called right Angles, and the Line CD a Ferpen- 


dicular. 


12. An obtuſe Angle is that which is * or 
greater than a right one, as the Angle ADE Fig 
7. and an acute Angle is leſs than a right one, as 
EDB. F Ig. 7 

13. Acute 


1 


GEOMETRY. ——— * 
Plate I. 


13. Acute and obtuſe Angles in general are cal- 
led oblique Angles. 


14. If a right Line CB (Fig. 8.) be faſtened at 
the End C, and the other End B be carried quite 
round, then the Space comprehended 1s called a 
Circle; and the curve Line deſcribed by the Point 
Bis called the Circumference or the Periphery of the 
Circle ; the fixed Point C is called its Center. 


15. The deſcribing Line CB. (Fig. 8.) is called 
the Semidiameter or Radius, or any Line from the 
Center to the Circumference : Whence all Radii of 
the ſame or of equal Circles are equal. 


16. The Diameter of a Circle 1s a right Line 
drawn taro' the Center, and terminating on either 
Side of the Circumference ; and it divides the Cir- 
cle and Circumference into two equal Parts called 
Semicircles; aud is double the Radius, as AB or 
DE. Fig, 8. 


18. The Circumference of every Circle is ſup- 
poſed to be divided into 360 equal Parts called 
Degrees, and each Degree into 60 equal Parts cal- 
led Minutes, and each Minute into 60 equal Parts 
called Seconds, and theſe into Thirds, Fourths, &c. 
theſe Parts being greater or leſs as the Radius is. 


19. A Chord 1s a right Line drawn from one End 
of an Arc, or Arch (that is any Part of the Circum- 
ference of a Circle) to the other; and is the Meaſure 
of the Arc. Thus the right Line HG is the Mea- 


ſure of the Arc HBG. Fig. 8. 


20. The Segment of a Circle is any Part there- 
of, which is cut off by a Chord: Thus the Space 
is comprchended between the Chord HG 
S D and 
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and the Arc HBG, or that which is comprehend- 
ed between the ſaid Chord HG and the Arc 
HDAEG are called Segments. Whence tis 

plain, Fig. 8. 


1. That any Chord will divide the Circle f into 
two Segments. 


2. The leſs the Chord is, the more unequal 
are the Segments. 


When the Chord is greateſt it becomes a 
Diameter, and then the Segments are _ and 
each Segment 1s a Semucircle. 


21. A Sector of a Circle is a Part thereof leſs than 
a Semicircle which is contained between two Ra- 
dit and an Arc: Thus the Space contained be- 
tween the two Radii CH, CB, and the Arc HB 1s 
a Sector. Fig. 8. 


22. The right Sine of an Arc, is a perpendicular 
Line let fall from one End thereof, to a Diameter 


drawn to the other End : Thus HL is the right 
Sine of the Arc HB. 


The Sines on the ſame Diameter encreaſe 'till 
they come to the Center, and fo become the Ra- 
dius: Hence it is plain that the Radius CD is the 


greateſt poſſible Sine, and thence is called the 
whole Sine. 


Since the whole Sine CD (Fig, 8.) 0 be per- 
pendicular to the Diameter (by Def 22.) * | 

producing DC to E the two Diameters AB and DE 
crols vne another at right Angles, and thus the 


Periphery 
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Periphery is divided into four equal Parts, as BD, 
DA, AE, and EB; (by Def. 11.) and ſo BD be- 
comes a Quadrant or the fourth Part of the Peri- 
phery: Therefore the Radius DC is always the 
Sine of a Quadrant, or of the fourth Part of the 
Circle BD. 


Sines are ſaid to be of as many Degrees as the 
Arc contains Parts of 360: So the Radius being 
the Sine of a Quadrant becomes the Sine of 90 
Degrees, or of the fourth Part of the Circle, which 
is 360 Degrees. 


23. The verſed Sine of an Arc is that Part of 
the Diameter that lies between the right Sine and 
the Circumference : Thus LB is the verſed Sine of 


the Arc HB. Fig. 8. 


24. The Tangent of an Arc is a right Line 
touching the Periphery, being perpendicular to the 
End of the Diameter, and is terminated by a Line 
drawn from the Center thro” the other End: Thus 
BK is the Tangent of the Arc HB. Fig. 8. 


25. And the Line which terminates the Tan- 
gent that is CK, is called the Secant of the Arc 
HB. Fig. 8. | 


26. What an Arc wants of a Quadrant is cal- 
led the Complement thereof: Thus DH is the 
Complement of the Arc HB. | 


27. And what an Arc wants of a Semicircle is 
called the Supplement thereof : Thus AH is the 
Supplement of the Arc HB. Fig. 8. 

D 2 28. The 
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28, The Sine, Tangent, or Secant of the Com- 
plement of any Arc, is called the Co-Sine, Co- 
Tangent, or Co-Secant of the Arc itſelf : Thus 
FH is the Sine, DI the Tangent, and CI the Se- 
cant of the Arc DH, or they are the Co-Sine, 
Co- Tangent, or Co-Secant of the Arc HB. Fig. 8. 


9. The Sine of the Supplement of an Arc, is 

the ; Mk with the Sine of the Arc itſelf, for draw- 

them according to Def. 22. there reſults the 

ſelf. ſame Line; thus HL is the Sine of the Arc 
HB, or of its Supplement ADH. Fig. 8. 


30, The Megſure of a right-lined * is the 
a of a Circle {wept from the angular Point, and 
contained between the two Lines that form the 
Angle: Thus the Angle HCB (Fig. 8.) 15 meaſu- 
red by the Arc HB, and is faid to contain ſo many 
Degrees as the Arc HB does; fo if the Arc HB 
is 60 — the Angle HCB is an Angle of 60 


Hence Angles are greater or leſs according as the 
Arc deſcribed about the angular Point, and termi- 
nated by the two Legs, contain a greater or leſs 
Number of Degrees of the whole Circle. 


31. The Sine, Tangent, and Secant of an Arc, 
i5 alſo the Sine, Tangent, and Secant of an Angle 
en M-afure the Arc is; thus becauſe the Arc 
HB is the Meaſure of the Angle HCB, and ſince 
HL. is the Sine, BK the Tangent, and CK the 
Z=cant, BL the verſed Sine, HF the Co-Sine, Dl 
the Co-T angent, and Cl the Co- Secant, & c. of the 
Arch BII; the n HI, is called the Sine, BK the 


FT angent, 
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Tangent, CK the Secant, &c. of the Angle HCB, 
 whote Meaſure is the Arc HB. Fig. 8. 


32. Parallel Lines are ſuch as are equidiſtant from 
each other, as AB, CD. Fig. 9. 


33. A Figure is a Space bounded by a Line or 
Lines. If the Lines be right it is ca. led a recti- 
lineal Figure, if curved it is called a curvilineal 
Figure ; but if they be partly right and partly cur- 


ved Lines, it is called a mixt Figure. 


34. The moit ſimple rectilineal Figure is a Trian- 


gle, being compoſed of three right Lines, and 1s 


conſidered in a double Capacity ; ift, with reſpc Ct 
to its Sides; and 2d, to its Angles. 


25. In reſpec to its : Sides i it is either equlatera, 
having the three Sides equal, as A. Fig. 10. 


36. Or Iſoſceles, having two equal Sides, as 


B. Fig. 11. 


37. Or Scalene, having the three Sides unequal, 


as C. Fig. 12. 


38. In reſpect to its Angles, it is either right- 
angled, having one right Angle, as D. Fig. 13. 


39. Or obtuſe angled, having one obtuſe . 
as E. 6 14. 


40. Or acute angled, having all the Addis 
acute, as F. Fig. 15. 


41. Acute 
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Acute and obtuſe angled Triangles are in 
3 called oblique angled Triangles, in all which 
any Side may be called the Baſe, and the other 
two the Sides. 


42. The perpendicular Height of a Triangle is 
3 Line drawn from the Vertex to the Baſe perpen- 
dicularly: Thus if the Triangle ABC be propo- 
{ed, and BC be made its Baſe, then if from the 
Vertex A the Perpendicular AD be drawn to BC, 
the Line AD will be the Height of the Triangle 
ABC, ſtanding on BC as its Baſe. Fig. 16. 


Hence all Triangles between the ſame Parallels 
have the ſame Heignt, ſince all the Perpendiculars 
are equal from the Nature of Parallels. 


43. Any Figure of four Sides is called a quadri- 
lateral Figure. 


44. Quadrilateral Figures whoſe oppoſite Sides 
ore parallel, are called Parallelograms: Thus 
ABCD is a Par- Ilciogram. Fig. 3. 17. and A. B. 
Fig. 18. and 19. 


45. A Paralle logram whoſe Sides are all equal 
an Argles right, is called a Square, as ABCD. 


Fig. 17. 


a6. A Paralislogram whoſe oppoſite Sides are 


*qQuil and Anglcs right, is called a Rectangle or an 
(lor 8 48 AECD. Fig. 3. 
an. A Fhombus is a Parallclogram of equal 
didit s, and has its Angles nne, 8 as A. Fig. 18. 
nd 13 471 4 25 ch. ned Square. 48. * 


D 


* — w_—— * 
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48. A Rhomboides is a Parallelogram whoſe op- 
poſite Sides are equal and Angles oblique; as B. 
Fig. 19. and may be conceived as an inclined Rect- 
angle. | 


49. Any quadrilateral Figure that is not a Paral- 
lelogram is call a Trapezium. Plate 7. Fig. 3. 


50. Figures which conſiſt of more than four 
Sides are called Polygons; if the Sides are all equal 
to each other they are called regular Polygons. 


They ſometimes are named from the Number of 


their Sides, as a five- ſided Figure is called a Penta- 
gon, one of ſix Sides a Hexagon, c. but if their 
Sides are not equal to each other, then they are 
called irregular Polygons, as an irregular Pentagon, 
Hexagon, Sc. : 


51. Four Quantities are ſaid to be in Proportion 


when the Product of the Extremes is equal to that 
of the Means: Thus if A multiplied by D, be 


equal to B multiplied by C, then A is faid to be 


to Bas C 1s to D. | | 
POSTULATES or PETITIONS. 


1. That a right Line may be drawn from any 


one given Point to another. 


2. That a right Line may be produced or con- 


tinued at Pleaſure. 


3. That from any Center and with any Radius 


the Circumference of a Circle may be deſcribed. 


4. It is alſo required, that the Equality of Lines 
and Angles to others given, be granted as poiſible : 
| Tha! 
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That it is poſſible for one right Line to be per- 
pendicular to another, at a given Point or Diſtance; 


and that every Magnitude has its half, third, fourth, 
Sc. Part. 


Note, Though theſe Poſtulates are not always 
quoted, the Render will eaſily perceive where and 
in what Senſe they are to be underſtood. 


AXIOMS or Self-evident TRuTHs. 


1. Things that are equal to one and the ſame 
Thing, are equal to each other. 


2. Every Whole is greater than its Part 


3. Every Whole is equal to all its Parts taken 
together. 


4. If to equal Things, aw Things: be added, 
the Wholes will be equal. 


If from equal Things, equal Things be 4 
Austed, the — will be equal. 


6. If to or from woman Things, equal Things 


be added or taken, the Sums or Remainders will 
be unequal. 


7. All right Angles are equal to one another. 
8. If two right Lines not parallel, be * 


towards their neareſt Diſtance, they will interſect 
cach Other. 


9. Things which mutually agree with each other 
are equal. 
| NOTES 
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A Theorem is a Propoſition, wherein ſomething 
is propoſed to be demonſtrated. 


A Problem is a Propoſition, wherein ſomething 
is to be done or effected. 


A Lemma is ſome Demonftration, previous and 
neceſſary, to render what tollows the more eaſy. 


A Corollary isa conſequent Truth, deduced from 
a foregoing Demonſtration. 


A Scholium, is when Remarks or Obſervations 
are made upon ſomething going before. 


| The Signiſication of $1 G NS. 


The Sign =, denotes the Quantities between 
which it ſtands to be equal. 


The Sign +, denotes the — it precedes 
to be added. 


The Sign ----, denotes that Quantity which it 
precedes to be fubſtracted. 


The Sign X, denotes the Quantities, between 
them to be multiplied into each other. 


To denote that four Quantities, A, B, C, D. 
are proportional, they are uivally wrote thus, 
A: B:: C: D; and read thus A is to B, ſo is C 
to D; but when three Quantities A, E, C are pro- 


portional the middle Quantity is repeated, and they 
are wrote A: B:: B: C. 


_—_ E #5 
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F a right Line falls on another, as AB, or EB, 

does on CD, (Fig. 20.) it either makes with it 
two right Angles, or two Angles equal to two right 
Angles. 


1. If AB be perpendicular to CD, then (by Def- 
11.) the Angles CBA, and ABD, will be each a 
right Angle. 


2. But if EB fall ſlantwiſe on CD, then are the 
Angles DBE + EBC = DBE + EBA (= DBA) + 
ABC, or to two right Angles. Q. E. D. | 


Corollary I. Whence if any Number of right 
Lines were drawn from one Point, on the fame 
Side of a right Line; all the Angles made by theſe 
Lines will be equal to two right Angles. | 


2. And all the Angies which can be made about 
a Point, will be equal to four right Angles. 


7 H E O- 
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If one right Line croſſes another, (as AC does BD) 
the —4 . made by thoſe Lines, will be equal 
to each other. 

Fig. 21. 


By Theorem I. BEC + CED = 2 right Angles. 
and CED + DEA = 2 right Angles. 


Therefore (by Axiom 1.) BECtCED = CED+ 


DEA : take CED from both, and there remains 
BEC DEA. (by Axiom 5.) Q. E. D. 


After the ſame Manner CED + AED = 2 right 


Angles; and AEDTAEB 2 right Angles; where- 
fore taking AED from both, there remains CED 


AEB. QUE. D. 
THEO. W. 


If a right Line croſſes two Parallels, as GH does 
AB and CD. (Fig. 22.) then 


1. Their external Angles are e to each other, 
that is GEB CFA. ® _- 


2 The alternate Angles will be onal, that is AEF 
= EFD and BEF= CFE. 


3. The external Angle will be equal to the * 
and oppoſite one on the ſame Side, that is GEB = EFD 
and AEG = CFE. 


E 2 4. And 


at 15 _— to CED and BEC to AED. 
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4. And the Sum of the internal Angles on the ſame 
Side, are equal to two right Augles ; * is BEF 
DFE are equal to tw» right Angles, and AEF + CFE 
are _ to two right Angles. 


Since AB is rarallel to CD, they may be con- 
wand as one broad Line, croffea by another Line, 
as GH, (then by the laſt Theo.) GEE CEE, and 
AEG = HED. 


2. Allo GEB= AEF, and CFH = EFD; but 
GEB = CFH (by Part 1. of ihis Theo.) therefore 
AEF = EFD. The ſame Way we prove FEB = 
EFC. 


AEF FFT ; (by the laſt Part of this Theo.) 
but AEF = GEB by 7 O. 2.) Therefore GEB = 
EFD. The fame Wan we prove AEG = CFE. 


4. For 8 EFD to both add FEB, 

then (oy Ayr. 4) GEBHED = EFDtFEB, but 
GEP + EF: „ OC 5 do KWO rignt An gles (by 
Theo. t., ret EFD+ FEB are equal to 
tw. wht An s After the ſame Manner we prove 
CD AEF + Ct are cqual to 2 Right Angles. 
Q. E P. | 


T7 HED. IV. 
nat 7 ie gi ABC, me of its Legs as 30 being 


orig, mu e D, it will make ie external Ano le 


ACD cu te the 2189 internal rpc Angles taken to- 
wether, Vir 5 Fig. 23. 
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Thro' C, let CE be drawn parallel to AB; then 
fince BD cuts the two parallel Lines, BA, CE; the 
Angle ECD = B, (by Part 3 of the laſt Theo.) 
and again, ſince AC cuts the fame Parallels the 
Angle ACE = A (by Part 2. of the laſt) There- 


fore ECD + ACE ACD- BIA. Q E. B. 


Ta v. 


In any Triangle ABC, all the three Angles taken 
together are equal 10 two right Ang les, vis. At BAC 


=2 right Angles. F. 23. | 


Produce BC to any Diſtance as D, then (by the 
aft) ACD = BTA; to both add ACB; then ACD 


tACB SAT Bt ACB: But ACD Hf ACTB = 2 


right Angles (by Theo. 1); thecefoce the three 
Avgies AtBrACB= 2 right Aupies, QE. D. 


Cor. 1. Hence if one Angle of a Triangle be 
known, the Sum of the other iwo 1s alſo Kuown: 


For lince the three Angles of eveiy FTriaugle con- 


tain two right ones, or 180 Degrees, therefure 190 
—- the given Angle will be equal t the Sum of the 
other two, or 139 — the Sum of two given An- 
gies, gives the other one. 5 | 


Cor. 2. In every right-angled Triangle, the two 


acute Angles are = go Degrees, or to one right 
Augle: Therefore go — one acute Angpir, gives 
tlie other. 


THEO. 
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F any two Triangles, ABC, DEF, there be two 
Sides AB, AC, in the one, ſeverally equal to DE, DF 
in the other, and the Angle A contained between the 
tw3 Sides in the one, equal to D in the other; then 
the remaining Angles cf the one, will be ſeverally equal 
to thoſe of the other, viz. B=EandC=F: And 
the Baſe of the one BC, vill be equal to EF that of the 
other. Fg. 24. | 


IF the Triangle ABC be ſuppoſed to be laid on 
the Triangle DEF, fo as to make the Points A 

and B coincide with D and E, which they will do, 
becauſe AB=DE (by the Hypotheſis); and ſince 
the Angle A =D, the Line AC will fall along DF. 
and inaſmuch as they are ſuppoſed equal. C will 
fall in F; ſeeing therefore the three Points of one 
coincide with thoſe of the other Triangle, they are 
manifeſtly equal to each other; therefore the Angle 
B=E and C=F, and BC=EF. Q-E.D. | 


LEMM A. 


to Sides of a Triangle abc be equal to each other, 
(hat is ac Sc; the Angles which are oppoſite to thoſe 
equal Sides will alſo be equal to each other, viz. a=b, 
RR 


Tor Jet the Triangle abc be divided into two 
Triangles acd, deb, by making the Angle acd = 
deb (by Poſtulate 4.) then becauſe ac=bc, and 
ca, common, (by the laſt) the Triangle ade S deb; 
and theretore the Angle a=b. QE. D. 


Cor. 
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Cor. Hence if from any Point in a Perpendi- 
cular which biſects a given Line, there be drawn 

right Lines to the Extremities of the given one, 
they with it will form an Iſoſceles Triangle. 


T HE O. VII. 


The Angle BCD at the Center of a Circle ABED» 
is double the Angle BAD at the Circumference* 


Hg. 25. 


Through the Point A, and the Center C, draw 
the Line ACE: Then the Angie ECD=CAD + 
CDA; (by Theo. 4) but ſince AC = CD being 
Radii of the ſame Circle, it is plain (by the pre- 
ceding Lemma) that the Angles ſubrended by 
them will be alſo equal, and that their Sum is 
double to either of them, that is DAC+FADC is 


double to CAD, and therefore ECD is double to 


CAD; after the ſame Manner BCE is double to 
CAB, wherefore, BCE + ECD or BCD is double 
to BAC f CAD or to BAD. Q. E. D. 


Cor. 1. Hence an Angle at the Circumference is 
meaſured by half the Arc it ſubtends or ſtands on. 


Cor. 2. Hence all Angles at the Circumference 
of a Circle which ſtands on the ſame Chord as AB, 
are equal to each other, for they are all meaſured 
by half the Arc they ſtand on, viz. by half the 
Arc AB. Fig. 26. 


Cor 
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Cor. 3. Hencn an Angc in a Segment greater 


than. a Semni-circ.© is * en 2 right Angle; thus 
ADB is meatrured by half the Arc AB, but as the 
_ AB 3s leſs hs. a | Semicirde, therefore halt 


he Aic AB, of th fr ov ADB 1s leſs than half a 
8. micircle, and conf-r;uently lets than a * An- 


gle. Fig. 26. 


Cor. 4. An Angle in a Segment leis than a Se- 


micircle is greater than a right Angle, for ſince the 
Arc AEC 1s preater than a Scmicircle, its half, 
which is the Meaſure of the Angle ABC, muſt be 
greater than half a Semicirele, < is greater than 
a right Angle. Fig. 27- 


Cor. 5. An Angle in a Semicircle is a right An- 


gle, for the Meature of the Angle ABD, is half 
of a Semicircle AED, and therefore a right Angle. 


HEA NN 
F from the Conirr C of a Circie ABE, there be let 


fall the Herpendi uli CM on the Chord AB, it will 


hbifeft it in the {:19; i), Fig. 29. 


Let the Lines CA and CB be drawn from the 
Center to the Extremitics of the Chord, then fince 
Ca SCB, the Augle CAB=CBA (by the Lem- 
ma). But the Tria ngles ADC, BDC are right an 
Zled ocs, fince te Line CD 18 a Perpendicular; 
and „ the 


5.) then have we AC. CD, and the Age ACD in 


une PFriangle ; 2 5 .liy qua! to CB, CD, and the 
Ang: BCD in the other: Therefore thy * Theo. 6) 
AD N. . N. 


. 


Ag > AC] Cg, (by Cor. 2. Theo. 


; 
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Cor. Hence it follows, that any Line biſecting 
a Chord at right Angles is a Diameter; for a 
Line drawn from the Center perpendicular to 
a Chord diſects that Chord at Right Angles; there- 
fore converſely a Liue biſecting a Chord at right 
Angles muſt pals thro' the Center, and conte- 
quently be a Diameter. 


THE O. IX. 


If from the Center of a Circle ABE there be drawn 
a Perpendicular CD on the Chord AB, and produced 
tall it meets the Circle in F, that Line CF. will biſet 
the Arc AB in the Point F. Fig. 29. 


Let the Lines AF and BF be drawn, then in the 
Tr angles ADF, BDF : AD=BD (by the laſt) - 
DF is common, and the Angle ADF= BDF being 
both right, for CD or DF 1s a Perpendicular. 
Therefore (by Theo. 6.); AF = EFB; but in the 
lame Circle equal Lines are Chords of equal Ares, 
fince they meaſure them (by Def. 19.); whence 
tne Arc AF= FB, and ſo AFB is biſected in F, 
by the Line CF. | 


Cor. Hence the Sine of an Arc 1s half the 
Chord of twice that Arc. For AD is the Sine of 
the Arc AF, (by Def. 22.) AF is half the Arc, 
and AD half the Chord AB (by Theo. 8.) There- 
tore the Cor. is plain. 

—— 0 
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In any T. riangle ABD, the half of each Side is 
the Sine of the oppꝛſite Angle. Fig. 30. 


Let the Circle ADB be drawn thro' the Points 
A, B, D; then the Angle DAB is meaſured by 
half the Arc BED, (by Cor. 1. Theo. 7.) viz. the 
Chord of BK is the Meaſure of the Angle BAD; 
therefore (by Cor. to the laſt) BE the half of BD 
is the Sine of BAD: The fame Way may be 
proved, that half of AD is the Sine of ABD, and 
the half of AB the Sine of ADB. Q. E. D. 


THEO. XI. 


{f a right Line GH cuts two other right Lines 
AB; CD, fo as to make the alternate Angles AEF, 
EVD equal t9 each other, then the Lines AB and 
CD will be parallel. Fig. 22. | 


If it be denied that AB is parallel to CD, let 
IK be par allel to it . then IEF=(EÞD)= AEF (by 
Part 2. Theo. 3.) a greater to a leſs which is ab- 
turd, whence IK is not parallel; and the like we 
can prove of all other Lines but AB; therefore 
AB is parallel to CD. Q. E. D. 


T7 H E 0: Ml. 


if two equal and paralie] Lines AB, CD, be joined 
by rug other Lines AD, BC, thoſe fall le alfo equa! 
and parallel, Fig. 3. g 
| Let 


15 


joined 


0 equal 


Let 
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Let the Diameter or Diagonal BD be drawn, and 
we will have the two Triangles ABD, CDB; 
whereof AB in one is=to CD in the other, DB, 
common to both, and the Angle ABD = CDDB (by 
Part 2. Theo. 3.) ; therefore (by Theo. 6.) AD=C*, 
and the Angle CBD = ADB, and thence the Lines 
AD and BC are parallel, by the preceding Theorem. 


Cor. 1. Hence the Quadrilateral Figure ABCD 
is a Parallelogram, and the Diagonal BD bi- 
ſets the ſame, inaſmuch as the Triarg'e ABD = 
BDC, as now proved. 7 


Cor. 2. Hence allo the Triangle ADB on tre 


ſame Baſe AB, and between the fame Parallel with 
the Parallelogram, ABCD, is half the Parallelogram. 


Cor. 3. It is hence alſo plain, that the 0 
ſite Sides of a Parallelogram are equal; for it has 
been proved that ABCD being a Parallelogram, 
AB will be CD and AD= BC. 

T HE O. XIII. 


All Parallelgg rams on the ſame or equal Baſes and 


between the ſame Parallels are equal ta one another, 


that is if BD = GH, and the Lines Bi and AF paral- 
lel, then the Parallelygram ABDC = BDFE= EFHG. 
Ny. 31. OY 


For AC (DB = EF (by Cor. the laſt); to both 
add CE, then AE = CF. In the Triangles ABE, 
CDF; AB SCD and AE=CF and the Angle 
BAE = DCF (by Part 3. Theo. 3.); therefore the 


Triangle ABE=CDF. (by Theo. 6.) Jet the 


Triangle CKE be taken from both, and we will 
2 have 
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have the Trapezium ABKC =KDFE, to each of 
theſe add the Triangle BKD, then the Parallelo- 
gram ABCD = EDEF; in hke Manner we may 
prove the Parallelogram EF HG = BDEF. Where- 
fore ABDC = BDEF = EFHG. QE. D. 


Cor. Hence it is plain that Triangles on the 
ſame or equal Bales, and between the tame Paral- 
els, are equal, ſecing (by Cor. 2. Theo. 12.) they 
are the Halves of their reſpective Parallelograms. 


THE O. XIV. 


lu every right-angled Triangle, ABC, the Square of 
the Hypothenuſe or longeſt Side, BC, or BUMH, is 
equal io the Sum or the Squares made on the other tuo 
Sides AB and AC, that is 19 ABDE and ACGF. 


(Tg. 220 


Thi A draw AKI. perpendicular to the 
Hypothenuſe BC, join AH, AM, DC and 
BG, in the [Triangles BDC, ABH, BD = BA 
being Sides of the fame Square, and alſo 
EC = EH, and the included Angle DEC = AEH, 
(for DBA = CBH being both right, to both add 
ABC, then DBC = ABH) therefore the Triangle 
DEC = ABH (by Theo. 6.) but the Triangle DEC 
is half of the Square ABDE (by Cor. 2. Theo. 12) 
andi the Triangle ABH is balf the Parallelogram 

BaLH (by the ſame) ; therefore half the Square 
EDE. is equal to half the Parallelogram BKLH, 
and the Square ABDE equal to the Parallelogram 
Bri, Tue fame Way it may be proved, that 
the Square ACGF, is equal to the Parallelogram 
KCI. VM. So ABDE+ ACGF the Sum af the 
Squares, 
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Squares, = BKLHITKCMI., the Sum of the tw; 
Parallelograms or Square BCMH ; therefore the 
Sum of the Squares on AB and AC is equal to the 


Square on BC. Q E. D. 


Cor. 1. Hence the Hypothennſe of a right- 
angled Triangle may be found by having the Legs, 
thus, the Square Root of the Sum of the Squares 
of the Baſe and Perpendicular, will be the Hypo- 


thenule. 


Cor. 2. Having the Hy 3 and one Leg 
given to find the other; the Square Root of the 
Difference of the Squares of the Hypothenuſe and 


given Leg, will be the required Leg. 


THEO. XV. 


In all Circles the Chord of 69 Degrees is alu 
equal in Length to the Radius. 


T, * in the Circle AR BD, if the Arc AEB be air 
Arc of 60 Degrees, and the Chord AB be drawn . 
then AB =CB=AC. (Lig. 33.) 


In the Triangle ABC, the Angle ACB is 60 De- 
grees being meaſured by the Arc AEB; therefore 


the Sum of the other two Angles is 120 Degrecs 


(by Cor. 1. Theo. 5.) but ſince AC=CB, the An- 
- CAB = CBA (by Lemma preceding Theo. 7.) 
conſequently each of them will be 60, the half of 
120 Degrees, and the three Angles will be equal to 
one another, as well as the three Stilen: Wherefore 


AEP=BC=AC. Q. E. D 
Car. 
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Cor. Hence the Radius, from whence the Lines 
on any Scale is formed, is the Chord of 60 Degrees 
on the Line of Chords. 


T HE O. XVI. 
If in two Triangle ABC, abc, all the Angles of 


ane, be each reſpeftruely equal to all the Angles of the 
other, that is Ma, B=b, C=c : Then the Legs o- 


pete to the equal Angles will be proportional, v1. 


AB: ab: AC: ac Fig. 34. 
AB: ab: : BC. bc 
and AC: ac::BC: be 


For the Triangles being inſcribed in two Circles, 
in is plain ſince the Angle Aa, the Arc BDC= 
bde, end conſequently the Chord BC is to be, as 
the Radius of the Circle ABC is to the Radius of 
the Circie abe; (tor the greater the Radius is, the 
greater is the Ciicle de ſeribed by that Radius; and 
conieeuertly the greater any particular Arc of that 
Circle: is, ſo the Chord, Sine, Tangent, Sc. of 
that Arc will te allo greater. Therefore in gene- 
rai, the Clud, Sine, Tangent, Sc. of any Arc 
s Proportional to the Radius of the Circle); the 
ame Way ite Chord AB is to the Chord ab, in 
the lame Proportion. So AB: ab:: BC: be; the 


* 


fame Wa the reſt may be proved to be propor- 


2 7 
Ders. 


TY E O. XVIL 


li {im a Pani A without a Circle DBCE there 
* aro i Times ADE, ABC, each of them cut- 
#7 io Cir 7 ta Pants; the Produtt of one 
Whole 


the 


will be contained twice in AB, an 
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whole Line into its external Part, wiz. AC into AB, 
will be equal to that of the other Line into ils exter- 
nal Part, viz. AE into AD. Tip. 35. 


Let the Lines DC, BE be drawn, in the two Tri- 
angles ABE, ADC; the Angle AEB = ACD, (by 
Cor. 2. Theo. 7.) the Angle A is common. ar.d ( by 
Cor. 1. Theo. 25 he le ADC= ABE; ther: © > 
the Triangles ABE, ADE, are mu:ually q » 
lar, and conſequently, ( be the lac) AC: AE:: 2: 
AB; wherefor- AC multiplice 7 AB, will be al 
to AE mult: pacd by AD. QE. b 


7 H EO. XVIN 


Plate II. Fig. 1. 


Triangles ABC, BCD, and Parallelggrams ABCE, and 
BEC, having the ſame Altitude, have the fame Pro- 
portion between th:mſel ves as their Baſes AB, and BD. 


Let any aliquot Part of AB be taken, which will 
alſo meaſure BD: Suppoſe that to be Ag which 
three Times 
in BD, the Parts Ag, gB, Bh, hi, and iD being 
all equal, and let the Lines gC, liC, and iC, be 
drawn: Then (by Cor. to Theo. 3) all the ſmall 
Triangles AgC, gc. BCh, Sc. will be equal to 
each other; and will be as many as the Parts into 


which their Baſes were divided: Therefore it will 
be, as the Sum of the Parts in one Baſe, is to ihe 
Sum of thoſe in the other, fo will be the Sum ot 
imall Triangles in the firſt, to the Sum of the final 


DT riangles in the ſecond Triangle, 
ABE: BDC. 


that is AB: BD 
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Whence alio the Parallelograms ABCF, and 
BDEC being (by Cor. 2. Theo. 12.) the Doubles of 
the Triangles, are likewiie as their Baſes. Q. E. D. 


Note. Wherever there are ſeveral Quantities 
connected with the Sign:: The Concluſion is al- 
ways drawn from the Erft two, and laſt two Pro- 


portionals. 
THEO. XIX. 


Triangles ABC, DEF, ftanding upon 5 aid Baſ*, 
AB and DE, are to each other as ; theiy Altitudes CG 


and FH. Jig. 2. 


Let Bl be perpendicular to AB and equal to CG, 
in which let KB= FH, and let Al and AK be 


draun. 


The Triangle AIB= (ACB by Cor. to Theo. 1 3.) 
and AKB = DEP; but (by Theo. 18.) BI: BK. 
ABI : AEK. That is CG : FH: ABC: DEF. 


Q. E. D. 
T HE O. XX. 


If a rigit Line BH be drawii parallel to one Side 
of a Triansle ACD, it vill cut the two other Side. 
Topsrtionally, vie... . BC-: SE: ED. Foe. 2. 


” Draw CF and PE; the Triangles EEC and EU 
being or the fame R alt BE and under the ſame Paral- 
jel CD, will be equal (by Cor. to Theo. 13.) there- 
fore (ty Theo, 18.) AB: BC > BEC or 


BEA: BED AE: ED. QE P 


Cor. 
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Cor. 1. Flence alſo Ac AB:: AD: AE: 
For AC: AB:: (AEC : A: D: A 
2; AF 3%, 


Cor 2. It alle opear* that a right Line, which 


a: idee we / of a Figs proportionaliy, 


uit par“ - 


the remaining Se. 


Cor. 2 2NCE ali: Then, 4 is manifeſt; ſince 


the * of the miangics ABE, ACD being cqui— 
angular, are proportional. 


THEO. XXI. 


Ft 7 els ABC. ADE, have one Angle in BAC, 
equal to one Angle DAE, and the Sides about the equal 
Angles proportional. thus is AB AD +: AC : AE, 

then the T r1angles will be mutually e equiangulas. Hig. 4. 


In AB take Ad = AD, and let de, be parallel to 
BC, meeting AC in e. 


cauſe (by the firſt Cor. to the foregoing Theo.) 
AB: Ad: (AD) AC : Ae, and (by the Hypo- 
ti:efis, or . ha is given in the Theorem) AB: AD: 


AC: AE; therefore Ae = AE ſeeing AC beats 


the fame Prop-rtion to each; and (by Theo. 6.) 


/ 


the Tnargie Ade ADE, therefore the Angle 


Ade = D aud Acd = E, but ſincg ed and BC are 
parallel (by Part 3. Theo. 3.) Ade = B, and Acd = 
C. therefore B D and CSE. Q. E. D. 


G THEO. 
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71 HE O. XXII. 


1 Equanzular Triangles ABC, DEF, are 19 one ans- 
La. |. ther in a Duplicate Proportion of their Homalogo:is 
07008 or like Sides ; or as the Squares AK, and DM of their 
9 Flamalagous Stdes. Fig. 8. 


Le: tie Perpend; ars CG and FH be drawn, 
as well as the D: £cnals BI and EL. 


M The Perpeacliculars make the Triangles ACG 

r and DFi{ cquiangular, and therefore Emilar (by 

i wi Theo. 16.) for becauſe the Angle CA.G = FDH | 

140 2d thr .igh Angle AGC = Di, the remaining 
Ang. ACG = DFH, (by Cor. 2. Theo. 5.) 


16 : torefore GC : FH : : (AC: DF: : ) AB: DE, 
IN oO! hich i is the ſame Thing GC: AB: : FH: DE, 
| | fe. FH mukiplied by AB=AB multiplied by FH. 


me! 

. By Theo. 19 ABC : ABI: : (CG: AI, or AB 
0 as before : : FH DE, or Dl. ) DFE - DLE, 

therefore ABC : ABI: : DFE : DLE, or ARC: 
AK : : DFE : DM, for AK is double the Trian- 
gle ABI, and DM double the Triangle DEF, by 
Cor. 2. Theo. 11. _ QE. D. 


THEO. XXIII 


65 | Like Polygons ABCDE, atcae, are in a Duplicate 
N Proportion — | that of the Sides 4B, ab, which are be- 
11 een the equal Angles A aud B, and à uud b, or as the 
1 Squares of the Sides AB, ab. Ig. 6. 

|, ne Draw AD, AC, ad, ac. 


2. 


ale 


Plate II. 


By the Hypotheſis AB : ab ; EC bc, and there- 
by alſo the Angle Bb; therefore (by Theo. 21.) 
BAC = bac; and ACB=acb; in like Manner 
EAD Sead, and EDA = eda. It therefore ffom 
the equal Angles &, and a, we take the equal 
ones EADtBAC = eadthac the remaining Angle 
DAC dac, and if from the equal Angles D and 
d, EDA Seda be taken, we ſhall have ADC= ade 
and in like Manner if from C and c be taken 
BCA = bea we ſhall have ACD =acd; and fo the 


reſpective Angles in every Triangle will be equal 


to thole in the other. 


By Theo. 22. ABC : abe: the Square of AC to 


the Square of ac, and alſo ADC: ade:: the Square 


of AC, to the Square of ac; therefore from Equa- 
lity of Proportions ABC : abc: : ADC: ade, in 
like Manner we may ſhew that ADC: ade: EAD: 
ead : therefore it will be as one Antecedent, is 
to one Conſequent; fo are all the Antecedents, to 


all the Conſequents. That is ABC: abe as the Sum 
of the three Triangles in the firſt Polygon, is to 


the Sum of thoſe in the latt. Or ABC will be to 
abc, as Polygon to Polygon. 


The Proportion of ABC to abc (by the forego- 
ing Theo.) is as the Square of AB is to the Square 
vi ab, but the Proportion of Polygon to Polygon is 
as ABC to abc as now ſhewn : theretore the Pro- 
portion of Polygon to Polygon is as the Square 
of AB. to the Square of ab. 


G 2 THEO 
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Let DI be a Qrad-1: Fun Circle deſcribed by 
the Radin: CB: HR a+ A. of it, and DH, Come 
pennt; FIL or 3 th: dine, HH ur CL us ©o-ome; 
&K is Tangent. De us Co-ravgents CK us Secant, 
and Cl its Cent. ir. 8. 


1. The Cob. of an Arc, is to the Sine, as 
Radius is tw tie Vat gent. 


2. Raduis is to the Tangent of an Arc, as the 
Co-tine of it is to the Sine. 


3. The Sine of an Arc is to its Co-ſine, as Ra- 
dius to its Co-tangent. 


4. Or Radius is to the Co- tangent of an Arc, as 
its Sine to its Co-line. i 


5. The Co-tangent of an Arc is to Radius, as 
Radius to the Tangent. 


6. | The Co-Sine of an Arc is to Radius, as Ra- 
dius is to the Secant. | 


7- The Sine of an Arc is to Radius, as the 
Tangent 1s to the Secant. 


The Triangles CLH, and CBK being ſimilar, 
i. CL:LH: : CB: BK. 

2. Or, CB: :: CL. LH. 
The 


he 


AS 


as 


Na- 


the 


* 
: 
g 
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The Triangles CFH, and CDI, being ſimilar. 
3. CF (or LH): FH: : CD: Dl. 
4. CD: DI:: CF, (or LH): FH 
The Triangles CDI and CBK are ſimilar ; for 
the Angle CID = KCB, being alternate ones (by 
Part 2. Theo. 3.) the Lines CB and DI being pa- 
rallel: The I CDI = CBK being both right, 


and conſequently the Angle DCI = CEB, where- 
fore, 


$01 cb +; CB: BK. 


And again, making Uſe of the ſimilar Triangles 


CLH, and CBK. 


6. CL:CB::CH: CK. 
HL : CH : BK : CK. 


GE O. 


[ 46 ] 


— 2 
— — — 226ͤ*»* wy FEEL TERS — 


— — — — — —— 


GEOMETRICAI. PROBLEMS. 


E 1 


Plate II. 


O maie a Triangle of three gruen right Line, 


greater thai. the third. . 7. 


Lay BL from E to L, from E with the Line BO, | 


deſcribe an Arc, and frorn L with LO deſcribe ano- 
ther Arc; from O, the Interſection Point of thoſe 
Arcs draw BO, wid OL, and BOL is the Trian- 
gle required. 

This is manifeſt from the Conſtruction, 


P R O B. I 


At a Poin:! B in a given Right Line BC, da make an 
Angle equal to a given Angle A. Fig. 8. 


Draw any right Line ED to form a Triangle as 
EAD, take BF = AD, and upon BF make the Tri- 


angle BFG whoſe Side BG = AF, and GF = ED 


thy the laſt) then alſo the Angle B=A; if we 
tuppoie one Triangle be laid on the other, the 


Swies will mutually agree with each other, and 


therefore be equal, for if we conſider theſe two 

Trian ;gles are made of the lame g. ven three Lines, 

they are manifeſtly one and the fame Triangle. 
Otherwiſe 


Upon 


50, LAZ, LO, of which any two muſt be 


7 
1 


il 


1) 


c 
: 


I. a a. ay; 
” 
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Upon the Centers A and B, at any Diſtance, let 
two Arcs, DE, FG. be deſcribed; make the Arc 
FG = DE, and thro' B and G draw the Line BG, 
and it is done. 


For ſince the Chords ED, | GF, are equal, the 
Argles A and B are alto equal, 
Def. 19.) 


PRO B. Ill 


To biſect or divide into two equal Parts, any given 
right-lned Angle, BAC. Fig. 9. 


In the Lines AB and AC, from the Point A ſet 
off equal Diſtances AE = AD, then, with any Diſ- 
tance, more than the half of DE, deſcribe two Arcs 
to cut each other in ſome Point F; and the right- 


hne AF, joining the Points A, and F, will bilect 


the given Angle BAC. 
For if DF and FE be drawn, the Triangles 


ADF, AEF, are equilateral to each other, viz. AD 


= = AE, DF = FE, and AF 22 Wherefore 
DAF = EAF, as before. 


PROB. W. 


7a biſett a right line, AB. Fig. 10. 

With any Diſtance, more than half the Line, 
rom A and B, deſcribe two Circles CFD, CGD, 
cutting each other in the Points C and D; draw 
D, interſecting AB in E, then AE= EB. 


For 


as before (by 
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For if AC, AD, BC, BD, be drawn; the Tri- 
angles ACD, BCD, will be mutually equilateral, 
and conſequently the Angle ACE = BCE : There- 
fore the Triangles ACE, BCE, having AC = EC, 
CE common, ard the Angle Ack S ECE, (by 
Theo. 6.) the Bale AE = the Baſe BE. 


Cor. Hence it is manifeſt that CD not only bi- 
iccts AB, but is perpendicular to it. (by Def. 17.) 


„ 


On a given Pornt A, ma a right Line EF, is erect a 
Perpendicular, Fig. 11. 


From the Point A lay off on each Side, the equal 
Diſtances, AC, AD; and from C and D, as Cen- 
ters, with any Interval greater than AC or AD, 
defcrbe two Arcs interſecting each other in B; 


rom A to B draw the Line AB, and it will oe the 
Perpœndicular required. 


For, let CB, and BD be drawn; then the Tri- 
angles CAB, DAB, will be mutually equilateral 


and equiangylar, fo CAB DAB, a light Angle, 
by Def. 11.) 


PR OB. YL 


gt a Perpendicular ou the Hud B of a right 
fie AB. Lig. 12. 


From any Point D not in the Line AB. with the 
. ſtan on Gr 12 10 B, let a Circle be deſcribed cut- 
- ABin E; draw from E thro' D the right Line 
— cutting the Periphery in C, and join CB; 
-d that is the Per pendic ular required, 


EBC 


r 


PP 


18 b. 


the 
cut- 
ine 
B; 


EBC 


| 
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EBC being a Semicircle, the Angle EBC will be 
a right Angle, (by Cor. 5. Theo. 70 


5 1 0 N Vi 


From a given Print A, 19 tet | fk 4 3 1 
upon a given right Line BC. Hg. 0 


From any Point D, in the given Line, take the 
Diſtance to the given Point A, and with it deſcribe 
a Circle AGE, make GE = AG, join the Points 
A and E, by the T.ine AFE, and Ar will be the 
Perpendicular required. 

Let DA, DE, be drawn; the Angle ADF = FDE, 
DA = DE, being Radii of the fame Circle, and DF 
common; therefore (by Theo. 6.) the Angle DFA 
= DFE, and FA a Perpendicular. (by Def. x 1.) 


PRO K 


Thro' a given Point A, to draw a rt 807 Line AB, 
2 to a given right Line CD. Lig. 14. 


From the Point A, to any Point, F, in the Line 
CD, draw the Line AF; with the Interval FA, and 
ene Foot in F deicribe the Arc AE, and with the 
like Interval and one Foot in A, deſcrive the Arc, 
BY, making BF = AE; thio' A and B draw the 
Line AB, and it will be parallel to CD. 


By Prob. 2. The Angle BAF = AFE, and hy 
Theo. 11. BA and CD are parallel. 
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pon a given Line AB, to deſcribe a Square ABCD. 
1. Pig. 17. 


Make BC perpendicular and equal to AB; and 
from A and C with the Line AB, or BC, let two Arcs 
be deſcribed cutting each other in D; from whence 
to A and C, let the Lines AD, DC be drawn; fo 
is ABCD the Square required. 


| For all the Sides are equal by Conſtruction 
therefore the Triangles ADC, and BAC are mutu- 
ally equilatcral and equiangular, and APCD is an 
equilateral Parallelogram, whoſe Angles are right. 
For B being right, D 1s alſo right, and DAC, 
DCA, BAC, ACB, each half a right (by Lemma 
preceding Theo. 7. and Cor. 2. Theo. 5.) whence 
DAB and BCD will each be a right Angle, and 
(by Def. 44.) ABCD is a Square. 


$CHOLIFU M 


By the tame Method a Rectangle or Oblong may | 
be deſcribed, the Sides thereof being given. 


PROB. X. 


Ts divide a given right Line AB, into any propoſed | 
Number of equal Parts. Fig. 15. 1 


Draw the infinite right Line AP, making any | 
Angie with AB, allo draw BQ parallel to AP, in 
each of which let there be taken as many equal 

| 5 Parts 


3 


= ” 


will be parallel to EN; 


PROBLEM S. 51 


Plate II. 


Parts AM, MN, Sc. Bo, on, Sc. as you would 
have AB divided into; then draw Mm, Nn, c. 


interſecting AB 1 in E, F, Se-. and it's done. 


For MN, and mn, being equa and parallel, FN 
and in the ame Manner 
GO to FN (by Theo. 12.) the:c;cre AM, MN, 
NO being all Aber by Conſtruction, it is plain 
(from Theo. 20.) that AE, EF, FG, Ec. will 
likewiſe be equal. 


PROB. XI. 


To find a third Proportional to two given right Lines, 


A and B. Fig. 16, 


Draw two infinite blank Lines CE, CD, any wiſe 
to make an Angle. Lay the Line A from C to F, 
and the Line B from C to G, and draw the Line 
FG; lay again the Line A fromC to H, and 
thro? H, draw HI parallel to FG, (by Prob. 8.) 
ſo is Cl the third — recuired. 


For by Cor. 1: Theo. 20. CG: CH:: CF: CI. 
Or B:iA::A: 
PROB. XI. 

Three right Lines A, B, 0 given to find a fourth 


Proportional. (Fig; 17.) 


H 2 Having 


82 "GEQOMETRICAL 
Plate II. 


Having made an Argle DEF any wiſe, by tuo 


iulinite blank right Lines, ED, EF, as before; lay 
the I inc A from E to G, the Line B from E to l, 
and diaw the Line IG, lay the Line C from E to 
H, ard (by Prob. S.) draw HK parallel thereto, 
% will EK be ihe fourih Proportional required. 


For by Cor. 1. Theo. 20. EG: EL: : EH: EK. 


Or ABR: C: EI. 


PRO@WN8 XBL 
Plate III. 


Two right Lines, A and B, given to find a Mean 
proportional. (Fig. 1.) 


Draw an infinite blank Line, as AF, on which 
lay the Line A, from A to B, and the Line B, from 
B toC. on the Point B, which is the joining of the 
Lines A and B, ere& a Perpendicular BD, (by 
Prob. g.) biſect AC in E (by Prob. 4.) and delcribe 


the Semicircle ADC; and from the Point D, where 


its Periphery cuts the Perpendicular BD, draw the 
Line BD, and that will be the Mean Proportional 
required. 


For if the Lines AD, DC, be drawn, the Ar gle 
ADC is a right Angle, (by Cor. 5. Theo. 7.) being 
an Angle in a Semucircle. | 


The Angles ABD, DBC, are right ones, (by Def. 
11.) the Line BD beirg a Perpendicular; whereiore 
the Triangles ABD, DBC, are ſimilar, thus the An- 
&:e ABD = DBC, being both right, the Angle DAC 
is the Complement of BDA to a right Angle, (by 
Cor. 2. Theo. 5.) and is therefore equal to BDC, 


tac Argle ADC being a right Angle as before; con- 


ſcqueutly 


Ch 


211t!y 


. 


gle 4 lay 


* 


plate III. 


{quently (by Cor. 1. Theo. 5.) tlie Angle ADB = 


PCB, wherefore (by Theo. 16.) 


AB: BD: : BD: BC. 
Or A: BD: BD: B. 


PROB XV. 


T5 divide a right Line AB, iu the Print E, fo tha 
AE ſhall have the ſunie Proportion 4 AB, as two given 
Lines C and D have. (Lig. 2.) 

Draw an infinite blank Line, AF, to the Ex- 
tremity of the Line AB, to make with it any Au- 
the Line C from A to C, and D from A 
to D, and join the Points B and D, by the Line 
BD, thro' C draw CE parallel to BD (by Prob. 8. 
ſo is E the Point of Diviſion. 


For by Cor. 1. Theo. 20. AC: AD: : AE: AB. 
OrC:D-: AF: AR | 


PROB XV. 


Fr 11 1 p . | . 5 
70 deſcribe a Circle about a Triangle ABC (or which 
15 the fume Thing) this any three Fomts, A, N, C, 
which are not ſituate ina right Line. (big. 3.) 


By Prob. 4. Bitect the Line AC by the Per pen- 
dicular DE, and allo CB, by the Perpendicular FG, 
the Point of interſection H of theſe Perpendiculars 
is the Center of tie Circle required, ſrum which 
take the Diſtance th any of the thre? Points A, E, 
C, and deferibe the Circle ABC and it is Cone, 


For 


£4 GEOMETRICAL 


Plate III. 
For by Cor. to Theo. 8. The Lines DE and FG 


muſt each paſs thro' the Center, therefore their Point 
of Interſection H, muſt be the Center. 


S CH OLI UM 


By this Method the Center of a Circle may be 
found, by having only a Segment of it given. 


P ROB. XVI. 


To make an Angle of any Number of Degrees, 
at the Point A, of the Line AB, ſuppoſe of 45 
Degrees. (Fig. 4.) 


From a Scale of Chords take 60 Degrees, for 60 
is equal to the Radius, (by Cor. Theo. 15.) and 
with that Diſtance from A as a Center, deſcribe a 
Circle from the Line AB; take 45 Degrees, the Quan- 
tity of the given Angle, from the ſame Scale of 
Chords, and lay it on that Cirele from a to b, thro! A 
and b, draw the Line AbC; and the Angle A, will 
he an Angle of 45 Degrees as required. 


If the given Angle were more than go, take 
its half (or divide it into any two Parts leſs than 
90) and lay them aſter each other on the Arc which 
is deſcribed with the Chord of 60 Degrees; thro' 
the Extrenity of which and the Center, let a Line 
be drawn, and that will form the Angle required, 
with the given Line. | 


PRO B. 
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PROBLEMS 


Plate III. 


PN O B. XVII. 
To meaſure a given Angle ABC. (Jig. 5.) 


If the Lines which include the Angle be not as 
long as the Chord of 60 on your Scale, produce 
them to that or a greater Length, and between 
them ſo produced, with the Chord of 60 from B, 
deſcribe the Arc ed; which Diſtance ed meaſured 
on the ſame Line of Chords, gives the Quantity of 
the Angle BAC 48 Degrees as required; this 1s 
plain from Def. 19. 


PRO B. XVIII. 


To make a Triangle BCE equal to a given Quadri- 
lateral Figure ABCD. Fig. 6. 


Draw the Diagonal AC, and Parallel to it (by 
Prob. 8.) DE, meeting AB produced in E; then 
draw CE, and ECB will be the Triangle required. 


For the Triangles ADC, AEC being upon the 
ſame Baſe AC, and under the ſame Parallel ED, 
(by Cor. to Theo. 13.) will be equal, therefore if 


Abc be added to each, then ABCD = BEC. 


P ROB. XIX. 
To make a Triangle DHF, equal to a gruen five- 


fided Figure ABCDE. Fig. 7. 


Draw DA and DB, and alſo EH and CF paral- 
lel to them, (by Prob. 8.) meeting AB produced in 
| H and 
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Plate III. 


H and F,; then 4 DH, DF, and the Triang! 
HDF is the one required, 


For the Triangle DEA = DHA, and PRC = 
DFB (by Cor. to Theo. 13.) therefore by adding 
theſc Ara DEA + DBC = DHA +DEB, if 
te each of theſe ADB be n then DEA 
+ ADB + DBC = ABCDE = Dia + ABD + DFP, 
DHI. 


NO. AX 


To project the Lines of Clirde, Sines, Tangente, 
and Secauts to any Radius. Hig. 8, 


On the Line AB, let a ſemicircle ADB be de- 
ſcribed; let CD be drawn perpendicular to the 
Center © and the BIR gent Bil perpendicular to the 
End of the Diameter; let the Quuadraats, AD, DB 
be each divided into 5 equal Parts, every of which 
will be 10 Degrees; if then from the Center C, 
Lines be drawn thro' 10, 20, 30, 40, Sc. the Di- 


vitions of the Quulrant BD, aud continued to BE, 


we ſhall there have the Papgents of 10, 20, Zo, 
40, Sc. and the Secants C10, C 20, C 30, Sc. are 
translerred tothe Line CD, predluced by de ſeribing 


he Ares 10, 10: 26, 20: 1, $0: &c i 


from 10, 20, 20, Sc. the Diviſions of the Qua- 
&; ant BD there be let fall Perpencicwars, let theſe 
e transferred to the Rudiiis CD, and we thall have 
the Sines Of 10, 20, 30, Sc. and if from A we 
de teribe the Arcs 10, 10: 20, 20: 30: 30, Gr. 
„un every Diviſion of the Are AD; we ſhall have 
a Line of Chance The fame Way we may have 
tie Sine Tangent, Sc. to every fingle Degree on 

the 
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the Quadrant,  £1hdividing every of the g for- 
mer Diviſions :: as: 10 equal Parts. By this Mar 10d 
the sines, Tangents, Sc. may be drawa to any 
Lacs; and it after they he transferr'd to Lines 

2 R _ we wall tave the Scales of Sincs, Vai ge., 


. — 3. * 
Fe. Cay LOT ue. 


Concerning Scales of equal Pits. 


If an lach be d&vided into any ali Cy Ly ts 
of equal Paris, and if thete Parts be comtaud on 
in a light Line, and '? the Jait of them bo bot. 
vided 13to 10 conal Parts, and thence if the tuſt 
Divitous 2: tumbered witit 1, 2, 3, 4. Sc. as lar 
as ne Ruler upon which they are transterred will 
admit, tlie Scale is Coipicated. 8 

Theſe Numbers 1, 2, 3, 4, Sc. uſually ſtand 
for 10, 20, 30, 40, Sc. and every one _ 115 
Subdiviſions is called 1: But if the Numbers 1, 2, 
3, 4, &c. be called roo, 200, 299, 49), We. thi T 
"Very one of the Snhgiviſior s Will d 10, and th 

[mis muſt be gueſſech a: | 


On one Side of moſt Surveying Scalte, there are 
Lines, or Scales, marked at the act with 5 45s 
40, 338, JO, 25, 15, 10, and Kunctimes with 6 
ther Numbers, tcl. ara cles of fy many Parts 
to an Inch, (whether of Feet, Yards; Perches, or 
Ivliles,) as the retp tne Nuphher at the End of 
each expreſſes; bat in the Sursczing Mar, they 
are counted to be Jo im. aN Pc rehes to an l. Cin, tick 
ſoinctimes 1G many Feet ts an tuck, 


On the contrary Sit Uh, e are two Seals, me 
Io, and ihe „ther of 20; or one of 100, ue th 
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ether of 200; or one of 1000, and the other of 
2000 Parts to an Inch, diagonally divided; (a 
View of the Scale will make all eaſy) The firſt of 
theſe Survcyors call a Scale of 10, and the other a 
Scale o 20 Perches to an Inch, and are thus coun- 
te : Every large Diviſion is 10, every one of the 
Subdivifions is 1, and every one downwards is 
one tenth of a Perch; or fometimes thus, every 
farge Diviſion 1s called 100, every Subdiviſion 10, 
and every one downwards 1 : Or again, frequently 
by Navigators, every large Diviſion is called 1000, 
every Subdiviſion 100, every one downwards 10, 
and the tenth Part of me Diſtance between the 
Lines 1. 


Hence it 1s eaſy to meaſure the Length of any 
Line, knowing the Scale by which it was laid 
down; and on the contrary, to ſet off any — 
Diſtance, from any Scale. 
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1 F to a Series of Numbers in Geometrical Progre/- 
oO, fon, whoſe common Ratio is 10, and firſt 
ily Term 1; we annex another Serics of Numbers in 
O, Arithmetical Progreſſion, whoſe firſt Term is o, and 
IO, # common Difference 1: Thete latter Numbers will 
he {| be the Logarithms of the former. 
Numbers. Logarithms. 

1 | = | | 0.00000 
ard | 10 1. 0000 
I 100 2.00000 

1000 3.00000 

10000 . 4 00000, Oe. 


It feveral Geometrical Means be tagen, and the 
ike Number of Arithmetical ones, to the corre;- 
ponding Numbers, the latter will be the Logan 
rithms of the former. 


The Nature therefore of Logaritams is fſuchs 

5 that Addition of them anſwers to the Mlultiplica- 

tion of their correſponding Numbers; and Sub- 

| traction to Divition : That is, when two Numbers 

propoſed are to he multiphed into each other, i; 

we take the Logarithms anſwering to thoſe Num- 

Of bers, and add them together, the Sum will be the 

I. garichm anſwering to the Number, which is this 
' Prodiict of the two propoſed Numbers. 


2 Again, 
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Again, when One Nuncher is propoied to be di— 
na by andtler; if from the L ourithm of the 
elend, ve fibfitact the Lenin of the 
IMeiter, the Kemaiucr Hall be ti L. ogerihm ef 


) ®, | 
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r Tables Levarnttims contuan the Lega. 
riihms of all Numb: f. tent 1 n 10000; ic Co. 
hirn mark d at th} 1%p N, is tat ie Which you 
Niult [11 6 your wie Mer; in tie tors age with 
Winch, 7 the achacbnt Clumn, is tie Logarinn 


EXAMPLE. 
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Nguited tlie Logarihm et 365. 


3. 


Anu though moſt Fables of ! „gart ithms run but 
t 10900, Not by thin the Leg. of 2 ay lu 
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4 The whole Number in the Product, added to 
the firſt Ig. is the Log. required; but the firſt 
Figure, which 1s called the Index, or Characteriſ- 
tick, muit be changed; and always be one leis than 
che Number of Figures in the Logarithm. 


EXAMPLE J. 


Required the Logarithm of the Number 3567894 
The Log. of 3567, which are the firſt four Fi-. 


gures is | 3-55230 
The Log. of the following cr next Number, viz. 
3568 is 3.55242 
Their Difference, — M V 
Mult. by the remaining Fig. viz. 894 
Cut off 3 Figures, becauſe 894 1 is 3 Figures, 
and the Product 1s, - - 10.723 
To which add the firſt Log .__ © $6230 
ner Sum is 3.55240 


But becauſe the given Number contifts of 7 4 
gures, the Index muit be one lets which is 6; 
the above Index 3, muſt be changed to 6, 4 and we 


have 6.55240 the Log, of 3567894 required. 


EXAMPLE II. 


Required the Log. of the Number 1256: 
The Log. of 1256 is | 2 015 
The next Log. following is 3.094 
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Their Difference is - - - 35 
Multiply by .o7 the remaining Figures 07 
Product - : « : Mn 2-45 
To which add the firit Log. _ 4.09899 
Their Sum 1s - - 3.09901 


Becauſe the given Number conſiſts of 6 Places, 
change tic lat Index to g, which is one leſs than 
the Places in the ziven Number; and you have 
5.09901, tic Log. of 125607 required. 


| Becauſe any Number conſiſting of both Integers 
and Decimais, is equal to the Quotient of the 
whole conſidered as an Integer, divided by the 
Denominator of the Decimal Part; and ſince by the 
Nature of Logarithms, Subſtraction in them anſwers 
the Quotient of other Numbers; therefore it fol- 
lows, that when a Number is given conſiſting of 


Integers, and Decimals, we can find its Log. thus: 


Find the Log. of the whole conſidered as one Inte- 
ger; then from that, take the Log of the Denomi- 


nator of the Decimal Part; or (which is the fame 


thing) from the Index of the Log. of the whole con- 
ſidered as an Integer, ſubſtract a Number leſs by 
one, than the Number of Places in the Denomina- 
tor of rhe Friction, and the Remainder wil be the 
Log. required ; or the Index of the Log. mult be 1 
leſs, than th: Number of Figures in the Integer to 


which the Decimal! is annex'd. 


"Ex amePLE I. 

What is the Log. of the Number 36.5 ? 

Find the Log. of 365, which is 2.560229 : then be 
cauſe 10 is the Derominator of the Decimal Part of 


the propoſed Number, and 1.00000 its Log. 


therefore from 2.56229, take 1.09000, and there re- 
mains 1.56220 the Log. required. Or, 
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Oc, becauſe the whole Number conſiſts of two 


muft be one lets, 
and is therefore 1.56229, as before. 


Ex AMF L E II. 


What are the Logs of 654 3, 654.3, 05.43, 6. 543, 
6543, .06543 and .006543%? 


CCE 
654.3 2.81578 
65.43 1.81578 
6.543 281578 
6543 9 81578 
.0654.3 881578 
000543 7.81578 


For the Log. of a Decimal Fraction is the ſame 
as that of an Integer; only the Index is Negative, 
. is ſo much leſs than O. as the Place of the Deci- 
mal is removed from Unity; and thoſe Indices may 


be diſtinguiſhed from abſolute ones, by ſeteing a 


Negative Sign over them, as above. 
To find the Number of a given Logarithm. 


Look for the given Log. amongſt the Logs {from 
1000 to 10000 (not regarding the Index or firft 
Figure) and if you find the exact Log. you want, 
you have in the Margin the required Number. 
But if the Index of the given Log. be leſs than 3, 
cut off from the Number found, as many Figures 
as it is leſs; and the Figures i cut off will be De- 
cimals, and the others Integers. 
Figure, or Index, be greater than 3, add as many 
Cyphers to the Number found as it is more, and 
you have the Number rc quired. 
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E Xx AM pP I. E s. 


. Find the Numbers corre ſpondent to the foullow- 
ing Logarithms. 


Given Logarithms. Numbers. 
5.55250 Anſwer 9356700. 


4.55230 — 35670. 
3-55230 _ 3567 
2.55230 1855 356.7 
1.55230 wm 35-67 
0.55250 — 3.567 
9 55230 — 3567 


But if the exact Log. cannot be found in the 


Table, and the Number of Figures required, ex- 


ceed four, then 


1. Find as before (not regarding the Index) the 
Log. antwering to the firſt four Figures, but leis 
than the given Log. 


2. Fake that from the given one, and if the 


Remainder do not conſiſt of two Figures, prefix a 


Cypher to it; and after theſe two Figures annex 
three Cyphers, ſo will you have five Figures for a 
Dividend. | 

3. Divide that by the Diflerence between the 
[ og. found, and the next following, and if your 


 Quutient do not confift of three Figures, prefix a 


Cypher or Cyphers to make it; which three Fi- 
gures place after the fit ſour found. 


Then obſerve the Index of the given Log. 
which ſhews how many Figures muſt be Integers, 
and lar many Decimals; for the Number of In- 

tegers 
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tegers is one more, than the given Index 
as before. | 

EXAMPLE I. 
1. Required the Number of the Log. 4.55241 
The neareſt Log, which is leſs is 3.55230 


its Number is 3567. 


The Difference of theſs with three Cyphers 
is for a Dividend 11000 


3.55230 
3.58242 


Their Difference will give for a Diviſor 12 


The Log. found 
The next Log. 


12): 1000(gr6 Quotient 
108 


Which Quotient place after the firſt four F igure⸗ 
ſound, and you have 3567916; and becauſe the 


Index is 4, the Number will be 35679 16 12- 
quired, 


2. Required the Number anſwering to the Log. 
5.09901. 
The neareſt Log. to which is 3.098 99 its No. i 256 


Dividend 02000 


N Log. 
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Log. found 3.09899 
Next Log. 3.09934 


25 Diviſor 35)o2000(57 
175 


250 

245 

5 

Becaule the Quotient confiſts of but two Figures, 

prefix a Cypher to it to make it three, and it is 057 : 

which annex'd to the firſt four found, is 1256057; 

and becauſe the Index of the given Log. is 5, its 
Number will be 125605.7. 


From what has been faid on this Head, the fol- 
lowing Problems may eaſily be folv'd by Loga- 
rithms, viz. oh 

P R O B. I. 

Multiply 134, by 25.6 


To Log. of 134 2.12710 
Add the Log. of 25.6 1.40824 
Sum 3.53534 

The Number a ring to which Sum, vis. 


3420, is nearly the Pröduct of 134 by 25:6 and 
s the Anſwer. 


Again, Multiply 234 by 36. 
Te 


res, 
57 


57 
its 


fol- 
ga- 


4 


Of LOGARITHMS. 6; 


To Log, of 234 2.36922 
Add the Log. of 36 nyt. 


Sum 3.92552 its Number 


* 


is 8424 required. 


n 
What's the Quotient of 828 by 23? 


From the Log- of 828 2.91803 
Take the Log. of 23 1.36173 


Difference 1.556 30 its Numbers 


zb, the Quotient required. 
Again, what's the Quotient of 30550 by 47? 


From the Log. of 30550 4.48501 
Fake the Log. of 47 1.67210 


— nr 


2.81291 its Numb. 


—{ —_ 


is 650 the Quotient required. 


PR O B. III. 


Three Numbers in a ditect Proportion given, 
io find a Fourth. 


From the Sum of the Logarithms of the ſe- 
cond and third Numbers; deduct the Logarithm 
of the firſt, the Remainder will be the Logarithm 
of the fourth required; 
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EXAMPLE l. 


Let the three propoſed Numbers he 36, * 66, 


to find a fourth proportional. 


To Log. of 43 1.68124 
Add Lcg. of 66 1.81954 


Product 3.500) 
Take Log. of 36 1.55630 


1.94443 the Number 1s 88, 


the fourth required. 


Again, let three Numbers be 240, 1440, 12 30 
to find a fourth proportional. 


To the Log. of 1440 3.1836 
Add the Log. of 1230 3. 00901 


From the Product 6 248 27 
Take the Log. of 240 2. 38021 


3.86806 its Number 
7380 the 4th required. —— 


PR O B. IV. 


To find the Square of any given Number. 


Multiply the given Numbers Logarithm by 2, 
and the Product is the Logarithm of its Square. 


Ex AM- C 


DET 


Of LOGARITHMS. 65 


EXAMPLE. 


Required the Square of 36. 
Log. of 36 1.55620 
Multiply by 2 


its Number 1296 the 


Square required, 
PROB. V. 


To extract the Square Roor of any given 
Number. 


Take half of the Logarithm of the Number, and 
that is the Logarithm of its Square Root. 


ExXAMPLE, 
Required the Square Root of 1296. 
Log. of 1296 3.11261 


— — — 


Its half is 1.55630 its Number is 36, 


the Square Root of the Number required. 


By the Manner of Projecting the Lines of 
Chords, Sines, Tangents and Sccants (being Prob. 
20 of Geometry) it is evident, that if the Radius 
be ſuppoſed any Number of equal Parts (as 1000 
or 10000, c.) the Sine, Tangent, Sc. of every 
Arc, muſt conſiſt of ſome Number of thoſe equal 
Parts; and by computing them in Parts of the 2 

jus, 


70 Of LOGARIT HMS. 


dius, we have Tables of Sines, Tangents, Sc. te 
every Arc of the Quadrant called natural Sines, 
Tangents, Sc. and the Logarithms of theſe, give 


us Tables of logarithmic Sines, Tangents, Cc. 


2 d ſuch are uſualiy bound up with Logarithms of 
ts 


In which you may obſerve, that MY” e is die 
vided into 8 Columns, the firſt and laſt of which 
are Minn tes. ani the intermediate ones contain the 
Sung, Tangents and Secants, the upper and lower 
Columns contain Degrees, the Column of the Mi- 
nutes on the left Hand of each Page, anſwers to 
the Degrees in the Top Column; and the Sines, 
Tangents and Secants belonging to thoſe Degrees 
and Minutes, are in the Columns mark'd at the 
Top with the Words Sine, Tangent, and Secant 
the Column of Minutes on the * Hand of each 
Pagt anſwers to the Degrees in the Bottom of the 
Page, and the Sines, Taugents and Sccants, an- 
ſwering to thoſe Degrees ard Minutes, are in the 


Columns, mark'd at the Bottom with the Word 


dine, Tangent, Secant ; the Degrecs in the Top 


Column beginning at o, proceed t 44 where they 
end; and thoſe at the Eottora ot tie Page begin at 
29, and procecd to 4g in 2a decreat: * Series; the 
Degrees in the different Columns berg the Con. 
piement of each other. From what has been jaid, 
we may catily and the Sine, Tangent or Secans 
of any Are foam te Tables, by locking for the 
even Number of Degrees, at , Head of Fout «© 
the Page, according as i 2 are cfS or greater than 
458. and in the proper Side Column tor the cad 
Minutes, if 90 ere be any; then below or above 
the Word Sine, Langent or Secant, and on the 


ſame Line with tue Mioures, ve. ſhall have that 
which was rcquired. 


FE. xXx AVN 


. A J. 


J. 


Of LOGARITH MS. 77 
EX AMP I E l. 


Required the Sine of 36 Degrees 40 Minutes. 


Look at the Head of the Page for 36 Degrees. 
and in the Side Column on the left Hand, for 40 
Minutes; then below the Word Sine, on the ſame 


Line with 40, we find 9:77609 5 which is that 
required. 


ExXAUrT I l. 
Required the Tangent of 54 Degrees 30 Minutes. 


Look at the Foot of the Page, (becauſe the pro- 
poſed Degrees are more than 45.) for 54 Degrees, 
and in the right Hand Column for 30 Minutes, then 
in the Column mark'd Tangent at its Bottom, and 
on the ſame Line with the 30 Minutes, in the Side 


Column, we find 10,1467 3, which is the Log-tan- 


gent required. 


The Reverſe of this, vi. The Logarithm of a 
Sine, Tangent, or Secant, being given, to find the 
Arc belonging to it, 1s performed by only looking 
in the proper Column for the neareſt Logarithm to 
that propoſcd, and the Degrees and Minutes an- 
ſwering thereto, are thoſe required. 


We will now ſhew how any Sine, Tangent, or 
Secant may be had, tho' the Figures in the Tables 
were defaced, miſprinted, or obliterated. 


„„ 


To find the T angent which is defaced, by the 


Sine and Co-fine. 


The 
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22 Of LOGARITHMS 


The Co-fine taken from the Sine added to 90, ar 
Radius, which is 10.00000, the Remainder is the 
Tangent. (by Part 1. Theo. 24.) 


EXAMPLE, 


r. Suppoſe the Tangent of 41%. 20\, was defaced, 
but the Sine and Co- ſine of it viſible. 


From the Sine at 20't 10.00000, 
or Radius, — * 19.8198 
Take the Co- ſine of 41%. 20 9 9.87 5 57 


The Rem. is the Tan. of 417. 20'req. vi. 994426 


2. To find a Sine which is miſprinted, by Help 
of the Co- ſine and Tangent. 


From the Sum of the Tangent and Co-ſine, take 
10. 00000, or Radius, or (which is the fame Thing) 
cut off the firſt Figure of the Index, the Remainder 
is the Sine required, (by Part 2. Theo. 24.) 


EXAMPLE. 


Sappole the Sine of 46”. 50' was defaced, but 


the Tangent and Co- ſine vitible. 


To the T angent of 4.60. 50! 10.0278 1 
Add the Co- line of 46%. 50 9.83513 


Theic Sum is the Sine of 46”. 50! * vz. 9.86294 


The Co-tangent and Co-line of any Arc may be 
had by the ſame Method; the Complement of any 


Degree, being only its Relidue from go, or a 
Quadrant 
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Quadrant, as befure obſerved, (by Theo. 24. Part 
3 and 4.) | 


3. To fird a Tangent by the Help of a Cytan- 
gent only. 


From twice the Radius, which is 2000000 


take the Co-tangent, the Remainder is the Tangent, 


(by Theo. 24. Part 5.) 


EXAMPLE, 


Required the Tangent of 29%. 50! being defaced, 
as alſo the Sine and Co-ſine defaced, by the Co-tan- 
gent only. 


From twice the Radius, 20 00000 
Take the Co-tangent of 29% 50 10.24148 


The Rem. is the Tang. of 29”. co! req. 9 75852 


8 To find the Secant, by the Help of a Co- 
fine; which may be found of great Uſe, when a 
Table of Sines and Tangents can only be had. 


From twice the Raclius, which is 20 00000 tal:2 
the Co-fine, and the Reinainder will be the Secant, 
(by Theo. 24. Part 6) 


E xXx AM L E. 


Required the Secant of 57”. 20 by the Help of 
the Co- ſine only. 


From the double Radius, 2000000 
Take the Co- ſine of 57”. 20 9.73219 


The Rem. is the Secant of 579%. 20 req. 10. 2678 1 


—— 


. * 32. 


*%- 
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5. To find a Secant by the _ of the Sine 
* Tangent. 


From the Tangent added to Radius, take the 
Sine, the Remainder will be the Secant, (by Theo. 


24. Part 7.) 


EXAMPLE, 


Required the Secant of 5%. 20! by Help of the 


Sine and Tangent. 


From the Tan. of 57“. 20 10.000 
the Radius, 20. 19303 
Take the Sine of 57. 20 9.9252² 


The Rem. is the Secant of 57% 20 req. 10. 26781 


The Secants in theſe Tables might have been 
omitted, becauſe all Proportions in which they are 
concerned may be wrought by Sines and Tangents 
only, as ſhall be ſhewn in the ſeveral Cafes of 
Plane Trigonometry ; and are here only inſerted 
that all the various Methods of refolving Triangles 
may) » ſhewn, 


SECT. 


k 
k 
N 
: 


rr 


L 75 ] 


SRCT. 


Containins Plane Trigonometry, rigbt-angled and 
oblique ; with its Applicatim in determining 
the Meaſures of inacceſſible Heights and Dis- 
1Qnces, 


Plane I rigonometry, 


5 the Science of meaſuring the Sides and An- 

gles of Plane Triangles. It is divided into two 
Parts, viz. into Reftangular and Oblique angular 
Trigonometry, becaule every Triangle is either 
right-angled or oblique ; and therefore we ſhall be- 
gin with | 


RECTANGULAR TRIGONOMETRY. 
Plate V. Fig. 1. 


1. In every right-angled Plane Triangle ABC, if 
the Hypothenuſe AC be made the Radius, and 
with it a Circle, or an Arc of one, be deſeribed 
from each End; it is plain (from Def. 22.) that 
BC is the Sine of the Angle A, and AB is the 
Sine of the Angle C; that is, the Legs are the 
Sines of their oppoſite Angles, 

L — - 
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Plate V. 

2. If one leg AP be made the Radius, and 
with it, on the Pont A, an Arc be deſcribed ; then 
BC is the Taug nt, and AC is the Secant of the 
Angle A, by Del. 24 and 2 25 115. . 


Ii BC be nme the Radius, and an Arc be. 


de "> 4 with it on the Point E. ; then 1s AB the 


Tangent, and AC 15 the Secant of the Angie C, as 
betoge. - Fig. 3. 


Becauſe the Sine, Tangent, or Secant of any 
given Arc in one Circle, is to the Sine, Tangent, 
or Secai't of a like Arc (or te one of the like 
Number of Degrees,) in another Circle; as the 
Radius cf the ene is to the Radius of the other, 
therefore the Sine, Tangent, or Secant of any Arc 
is proportional to the Sine, Tangent, or Secant 
of a like Arc, as the Radius of the given Arc is 
19 10. 00000. the: Radius from whence the Loga- 
rithmic Sincs, 1 _ and Secants, in moſt Ta- 
bles, are calculated, . 


If AC be made the Radius, the Sines of the 
Angle A and C, deſcribed by the Radius AC, 
will be proportional to the Sines of the like Arcs, 
or Angles in the Circle, that the Tables now men- 
tioned were calculated for. So if EC was required, 
having the Angles and AB given, it wilt be 
Pig T. 


As S: : SA: BC. 


. e. As the Sirc of the Angle C in the Tables, is 
t be Length of B; (or Sine of the Angle. C, in 
2 Circle wide Radius is AC); f> is the Sine of 

the 


ft 


4 
vt 


PLANE TRIGONOMETRY. 


Plate V. 
the Angle A in the Tables, to the Length of BC. 


(or Sine of the fame Angle, in the Circle, who 


Radius is AC.) 


In like Manner, the Tangents and Secants, re- 
-e by making either Leg the Radius; 

will be proportional to the Tangents and Secants 
of a like Arc, as the Radius of The given Arc is 
to 10. 00000, the Radius of the Tables aforciaid. 


=Fy 
=4Y 


Hence it is plain, that if the Name of each Side 
of the Triangle be placed thereon, a Proportion 
will ariſe to antwer the ſame End as before: Thus 
if AC be made the Radius, let the Word Radius 


be wrote thereon; and as BC, and AB, are the 


Stnes of their oppolite Angles , upon the firſt let 
S.A, or Sine of the Angle A, and on the other, 
letzS. C, or Sine of the Angle C, be wrote : Then 
if a Side be required, it may be obtained by this 
Proportion, Viz. 


As the Word on the Side 3 
Is to the Side given, 

So is the Word on the Side require 
to the Side *** 


Thus if the Angles A and C, and the Hypo- 
thenuſe AC were given, to find the Legs; the 
Proportions will be 


1. R: AC: :S. A: N. Fig. f. 
That is. as Radius is to AC; fo 1s the Sine af the 
Angle 3, to B.. And, 

- R. AC 8. : An | 
That >. ac K-<Þ 16m 1 is the Sine of the 
Angie C, 0 . 
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78 PLANE TRIGONOMETRY. 


Plate V. 


But when an Angle is required, we uſe this Pro- 
portion, VZ. 


As the Side that is made the Radius, 
is to Radius; 

So is the other given Side, 
to the Word upon it. 


Thus, if the Legs were given, to find the Angle 
| A, and if AB be made the Radius, it will be, 


AB: R:: N: T. A. Fig. 2. 


That is, as AB, is to Radius; ſo is BC, to the 
Tangent of the Angle A. 


After the ſame Manner, the Sides or Angles of 
all right-angled plane Triangles may be found, 
from their proper Data. 


We here, in Plate 4, give all the Proportions re- 
quiſite for the Solution of the ſix Caſes in Rect- 
angular Trigonometry; making every Side poſſible 
the Radius. 


In the following Triangles, this Mark — in an 
Angle, denotes it to be known, or the Quantity of 
Degrees it contains to be given; and this Mark 
on a Side, denotes its Length to be given, in Feet, 
Yards, Perches, or Miles, Sc. and this Mark *, 
either in an Angle, or on a Side, denotes the An- 
gle or Side required. 


{- TOI: 


PLANE TRIGONOMETRY. »9 
Plate V. 


From theſe Proportions it may be obſerved; 
that, to find a Side, when the Angles and one 
Side are given, any Side may be made the Radius : 
And to find an Angle, one of the given Sides muſt 
be made the Radius. So that in the 1ſt, 2d, and 


3d Caſes, any Side, as well required as given, may 


be made the Radius; and in the firſt Statings of 

the 4th, 5th and 6th Caſes, a given Side only is 

made. the Radius. 

RECTANGULAR TRIGONOMETRY. 
8 


IE Angles and Hypothenuſe given, to find the 
Baſe and Perpenaicular. Fig. 4. 


In the right-angled Triangle ABC, ſuppoſe the 


Angle A 46%. 30l. and conſequently the Angle C 


43˙. 30l. (by Cor. 2. Theo. 5); and AC 250 Parts, 
(as Feet, Yards, Miles, &c.) required the I .-gs 
AB, and BC. | 


Geometrically. 


Make an Angle of 46”. 50', in blank Lines, (by 
Prob. 16. Sect. 1.) as CAB; lay 250, which is the 
given Hypothenuſe, from a Scale of equal Parts, 
from A to C; from C, let fall the Perpendicular 
BC, (by Prob. 7. Sect. 1.) and that will conſtitute 
the Triangle ABC. Meaſure the Lines BC, and 
A, from the tame Scale of equal Parts, that AC 

was taken from; and vou have the Anſwer. 
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to PLANE TRIGONOMETRY. 
Plate V. 
By Calculation. 


1. Making AC the Radius, the required Sides are 
found by theie Proportions, as in Plate 4, Caſe 1. 


R. AC: : SA: RC. 
R: AC:: : AR 


i. As Radius go” { 0.00000 
is to AC, 250 2.39794 

So is the Sine of A 46”. 30 9.86056 

to BC. 181. 4 2.25850 

As Radius, go” |  10.00000 

is to AC, 250 2.39794 

So is the Sine of C 43%. 30ʃ 9.83781 

to AB, 78. 1 2.23575 


_—_ 


1 "Ty the Sum of the ſecond and third Logs, 
that of the firſt be Der. the Remainder will * 
the Log. of the fourth; the Number anſwering to 
which will be the Thing required; but when the 
firſt Log. is Radius, or 10.00000, reject the ſirſt 


Figure of the Sum of the other two Logs ; (which 


is the fame Thang as to ſubtract 10.00000); and that 
will be the Log. of the Thing required. 


2. Making AB the Radius, 


Secant A: AC. R: ABR: 
Secart A: AK T. A N. 


j. e. 


E 8 A 
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die As the Secant of A 46 30 1016219 
| is to AC 250 2.397 94 
| So is Radius „ 10 ooOO0 1 
2.39794 N 
to AB 172. 1 2.23575 1 
As the Sccant of A 46%. 300 10 16219 4 of 
Fo | is to AC | 2.50 39794 7 bl 
| So is the Tangent of A 46”. 30 10.02275 148 
1 2.42009 bh j 
to BC 80-6 ' 2.25850 it 
| 3. Making BC the Radius. | 3 j 
' M6 HJ TI 15 
1 : . gt! 
2 i. e. As the Secant of C 43%. 20) 10. 13944 1 
is to AC 250 2.39794 L008 
So is Radius 90. 10.00000 1 
14 1.39794 ll 
| 4 to BC 181.4 2.25850 i 
A | As the Secant of C 43. 30 10.1 3944. 
9 | IS tO AC 3 250 2.39794 
So is the Tangent of C 43%. 30 9.97725 
RE... 
to AB 172.3 2-23575 


Or having found one Leg, the other may be ob- 
tained by Cor. 2. Theo. 14. Sect. f. 


By Gunter's Scal-. 


> | On this Scale there are Lines of Numbers. Sines, 
4 | A1 | . 14 3 
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and Tan. as well as Lines of Sine and Tan. Rumbls, 
Vericd Sines, Meridional Paris, and Equal Parts 
But the three firſt Lines are ſufficient for our pre- 
ent Purpcic. 


Tine Divifons on theſe re{pechve Lines, are the 
Logarithms of Numbers, Sizes, and Tangents, ta- 
ken from a Scale of equal Parts, and applied on the 
Lines of the Scat-, | 


The firit and third Terms in the foregoing Pro 
portions being of a like Nature, and thoſe of the 
tecond ard fourth being alſo like to each other; 
and the Proportions being direct ones, it follows; 
that if the third Term be greater, or lels than the 
firft, the fourth Term will be alſh greater or |cts 
than the ſecond: Therefore the Extent in your 
Compaſics from the fuſt to the third Term, will 
reach from the ſccond to the fourth. 


Thus, to exterd the f. ef the forecoiag 
Proportions; 


1. Extend hem 00” to 46. ww, on the Line of 
ones; that Diftance will reach trom 250 on the [ine 
of Numbers, to 181, tor BC. 


2, Extend from 90 to 43. 30 on the Line of 
Sines; that Diſtance will reach from 2 go on the Linc 
of Numbers, to 172, for AB. 


If the firſt Extent be from a greater, to a les, 
Number; when you apply one Point of the Com: 
Pile 1G dhe fecond Term, tne other mult be turned 
ton leis; ard the contrary. 


By Def. 22. Scct. 1. The Sine of go# is equal to 
the Radius; and the Tangent of 45” is alto equal 
to the Radius; becauſe it one Augle of a nght- 


an led 
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angled Triangle be 4.5%, the other will be alſo 45”; 
and thence (by the Lemma preceding Theo. 7. 
Sect. 1.) the Tangent of 45” is equa Uto the Ra- 
dius: For this Reaſon the Line of Numbers of 
19.00000, the Sinc of go”, and Langont of 45", be- 
ing all equa], terminate at the time End of the 
Scale; where there are tmall Brafs Centers, utually 
place! to preſerve the SCALE, 


It was faid before, that the Tangents ended at 
45; but becauſe the Logarithms of Tangents more 
iow 45%, muſt paſs off the Scale; ſuch Diſtances 
therefore as cxcecd 45”, are ſet backwards from 45, 
and numbered go, 60, 70, Sc. 


There is no Line of Secants on the Scale; 
ior every Thing requiute, can be performed 


without them. 


Thus the two firſt Statings of this Caſe anſwer the 
Queſtion without a Secant : The like will be alſo 
made evident in all the following Cafes. 


GL £#S E523 


The Baſe and Angle given; 10 find the 3 ul: 
aud Hypiibenuſe. 


Plate V. Fig. 5. 


in the Trian WA ABC, there is the Angle * 
42. 20% and of Courſe the Angle C47. 40, (by 
Cor. 2. Theo. 5) and the Leg. AB 100. given; 
find BC and Ac. 


Geometrically. 


Make the Angle CAB (by Prob. 16. Sect. 1,) 1 
blank Lines as before. From a Scale of qual Par's 
ay 190 from A to B; on the Point B erect a Per- 
pendicular BC (by Prob. 5. Sect. 2) the Pont 
| M 2 Were 
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By Calculation. 
1. Making AC the Radius, 
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where this cuts the other blank Line of the Angle, 
will be C; fo is the Triangle ABC conſtructed: 
Let AC, and BC be meaſured, from the tame 
Scale of equal Parts, that AB was taken from, and 
you have the Anſwer. 


. Making AB the Radius. 


R: AB: : T. A: B. C. 
R: AB: : Sec. A: A. C. 


Sa bs As Radius | 
is to AB, 


SC: TAS IH: AC 
Ke: :: KX. 
1. c. As the Sine of C 47”. go! 9.86879 
| is to AB, 190 2.27875 
So is Radius, go 10.00000 
12 278)5 
10 AC, 257 2.40996 
As the Sine of C 47%. 40 9.86879 
is to AB 190 2.27875 
So is the Sine of A 42% 200 9.82830 
12.1070 
to BC, 173. 1 2.23826 


_ 
— 


90? 10.00000 


190 


2.27875 


So is the Tangent of A 42%. 20 2 25952 


to BC 


173.1 


2. E 


As 
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As Radius, go? 19.0000 


is to AB, 190 2.27675 
So is the Secant of A 42% 20 10.1312: 


— 


to AC 257 2.40996 


—— —— 


3. Making BC the Radius. 
T. E:: : Set. C: AC. VV 
T. C: :: K: 1 
i. e. As the Tangent of C 4%. qo! 10.4048 
is to AB, 190 2.27875 
So is the Secant of C 47”. 40 10. 17170 


— 


— — 


12.45045 


to Ac, 237 2.49997 \} 


_ 

| | . Ta 
As the Tangent of C 47% 400 10.04048 : 1 1 
is to AB, 190 | 2.27875 Wl 
So is Radius, 90 10.0000 _ 


— 


12.2787 


| | 18 15 i 
to BC, 133 4 -: 22800 e 


Or having found one of the required Sides, the 0 1 
other may be obtained, by one or the other of the þ | 08 
Cors. to Theo. 14. Sect. 1. 1 


By Gunter's Scale. 
i. When AC is made the Radius. 


Extend from 47 40', to go", on the Line of e 
| Sines; 
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Sines; that Diſtance will reach from 1 90 to 257, 


on the Line of Numbers, for AC. 


2. When AB is made the — the firſt Sta- 
ting is thus performed. 


Extend from 45? on the Cangents, (for the Tan- 
gent of 45” is equal ty the Radius, or to the Sine 
of go", as bcoturc) to 42”. 20; that Extent will 


reach from 190, on the Line of Numbers, to 173, 
for LC. 


3. When EC is made the Radius, the ſecond 
Stating is thus performed. 


Extend from 47. 40, on the Line of Tangents, 


to 4.52, or Radius; that Extent will reach from: 1 90 


to 173, on the Line of Numbers, for BC; for the 
Tangent of 47. 40, is more thai the Radius ; 


therefore the fourth Number muſt be leſs than the 


— as beforc. 


The two firſt St atings of this Caſe, anſwer the 
Queſtion without a Secant. 


C-4 8 &- 3 


The Angles and Perpendicular given; 89 find the Baj? 
aud Hypathenuſe. 


Plate V. Fig. C. 


In the Triangle ABC, there is the Angle A 407. 
and confequently the Angle C go, with BC 172, 


given; to find AC and AB. 


G- 
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Make an Angle CAB of 40 in blank Lines; (by 
Prob. 16. Sect. 1.) with BC 172, from a Line of 
equal Parts, - the popped Lines EF parallel to 
A (by Prob. 8. Sect. 1.) the lower Line of the 
— and from the Point where it cuts the other 
Line in C, let tall a Perpendicular EC (by Prob. 7. 


Sect. 1.) and the Triangle is conſtructed: The 


Meaturcs of AC, and AB, from the ſame Scale chat 
BC was taken, will anſwer the Queſtion. 


What has bcen ſaid in the two foregoing Caſes, 
is ſuſhcient to render the Operations in this, both 
by Calculation and Gunter's Scale, fo obvious, that 
it is needleſs to inſert them; however, for the lake 
ef the Learner, we give ſor 


Aniwer, AC 264. 5, and AB 202. 6. 
CASE 4 


The Baſe ard Hyputhenuſe given; to find the Angles 


ard Ferpends af Fa 


phate V. Fig. v. 


j 


In tne Triangle ARC, there 15 given, AB 200, 
and AC 500: Ty {ic Angles A and C, and the Per- 
pendicular BY, ale requirewu. 


Gemmeti icaliy. 
9 


Fern a Hale of equal Parts, . 300 from A, to 
B; on Bereck an infinite blank erk »-ndieular Line, 


| mc AC £00, from the {anc 9 4 nd one Foot 


of the Cumpauts 15 A, eros the perpendicular 
885 Line 
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Line in C; and the Triangle is conſtructed. 


By Prob. 17. Sect. 1. Meaſure the Angle A, and 
let BC be meaſured from the ſame Scale of equal 
Parts that AC and AB were taken from; and 
you have the Anſwer, 


By Calcu lation. 
1. Making AC the Radius. 


AC: R:: AB: S. C. 
R: AC: : S. A: BC. 


r 500 2.69897 


is to Radius, go? 10.000000 
So is AB 300 aA 
12 471 2 

to the Sine of C 30. 52 977819 


By Our. 2. Theo. 5. go'— &. 2'= 53%. 08 
the Angle A. e 


As Radius, 90 10.00 
is to Ac, 900 2.69897 
So is the Sine of A 3835. 081 9.90301 

to BC, 400 2.60198 


8.5 Making AB the Radius. 


AB: R:: AC: Sec. A. 
R: AB:: T. A: RC. 
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i e As AB, Jo. 2.47712 
is to Radius, go” 10.00000 

So 1s AC, 500 2 69897 
12.6989) 

ro the Secant of A, 53”. 08! 10.22185 

As Radius, go" | 19.00000 

is to AB, 300 2.47712 


So is the Tangent of A, 53% 081 10.12499 


to BC, god: 2.60211 


Or BC may be found from Cor. 1. Theo. 14. 
Sect. 1. 


By Gunter's Scale. 


| 1. Making AC the Radius. 


Extend from 500 to 300, on the Line of Num- 
bers; that Extent will reach from go”. on the Line 
of Sines to 36. 52, for the Angle C. 


Again. Extend from go? to 53%. 08ʃ, on the 
Line of Sines, that Extent will reach from 500 to 
400, on the Line of Numbers, for BC. 


2. Making AC the Radius the ſecond Stating is thus 
performed. 85 


Extend from Radius, or the Tangent of 45”, to 


53%. 08, that Extent will reach from 300 to 400, 
tor BC. | 


N CASE 
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. 


The Perpendicular and Hypothenuſe given, to find the 
. Ingles and Baſe. 


Plate V. Fig. 8. 


In the Triangle ABC, there 1s BC 306, and AC 
370, given; to find the Angles A and C, and the 
Baſe AB. | 


: Geometr ically. 


Draw a blank Line from any Point, in which 
at B, erect a Perpendicular, on which lay BC 306, 
from a Scale of equal Parts: From the ſame Scale, 
with AC 370, in the Compaſſes, croſs the firſt 
drawn blank Line in A, and you have the Triangle 
ABC conſtructed. | 1 


Meatfure the Angle A (by Prob. 17. Sect. 0. 
and alto AB, from the ſame Scale of equal Parts 
1e «her Sides were taken from, and you have the 
Anu. — 


+} be Operatiors by Calculation, the Square Root 
ac 11191015 Scale are here omitted, as they haic 
en beretulire fully explained: The Statings, 0. 
Fr porticns muſt alſo be obvious, from what ha: 
Caf been laid. 


Aniver. The Angle A 55". 48, therefore tlic 
le C© 24. 12), and AB 208. 


#--f-$-þ 


* 1. 
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CHSIE 6 


The Baſe and Perpendicular given; 19 find the Angles 
1 8 and Hypotbenuſe. 


Plate V. Fig. 9. 
In the Triangle ABC, there is AB 225, and BC 


272, given; to find the Angles A and C, and the 
Hypothenuſe AC. 8 


Geometrically. 
Draw a blank Line, on which lay AB 225, from 
a Scale of equal Parts; at B erect a Perpendicular, 
oa which lay BC 272, from the ſame Scale; join A 
and C, and the Triangle is conſtructed. 


As before, let the Angle A, and the Hypothenuſe 
AC be meaſured ; and you have the Anſwer. 


By Calculation. 
1. Making AB the Radius. 


AS: RR: TA 
R: AB: Sec. A: AC. 


2. Making BC the Radius. 


ER: :: T. 0 
K-20: : Sec. C: AC 


By Calculation; the Anſwer from the foregoing 


Proportions is eaſily obtained, as before. 


N 2 But 
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But becauſe AC, by either of the ſaid Proportions, 
is found by Means of a Secant; and fince there is 
no Line of Secants on Gunter's Scale, after having 
found the Angles, as before, let us 1uppoſe AC the 
Radius, and then 


1. S A:BC:-R: AC 
or 2. SC: AB: XK: AC. 


Thete Proportions may be eaſily reſolved, either 
dy Calculation, or Gunter's Scale, as before; and 

thus the Hypothenuſe AC may be found without a 
Secant. T- 


From the two given Legs, the Hypothenuſe 
may be eafily obtained, from Cor. 1. Theo. 14. 
Sect. 1. 


Thus to the Square of AB=50625 
Add the Square of EC= 73984 


1 24609(353=AC 


65) 346 b 
325 | 


03) 2109 
2109 


—— 


From what tas been ſaid on Logarithms, it is 
lam 
z 1. That half the Logarithm of the Sum of the 
Squares of the two Sides, will be the Logarithm of 
te Hypothenuſe. Thus FE 
The Sum of Squares, as before, is 124609; its 
1. 0g. is 5.29554, the half of winch is 2.54777 ö 
ar 


7 


PLANE TRIGONOME TRY. 5g: 


and the correſponding Number to _ in the Te 
bles, will be 353, for AC. 


2. And that half of the Logarithm of the Dif- 
ference of the Squares of AC and AB, or of AC 
and BC, will be the Logarithm of BC, or of AB. 


The following Examples are inſerted for the Uſe 
of the Learner. 


Given, Je Ange C6u e comin 


2. Given, } the Angie C 475. * 258 AC required. 


* Angle C 28. 30 AB 


3. Given, BC 27187 KAC required, 


4. Given, : 5 3 3 _ required. 


BC 17 20 1 * Angles required. 


| 5. Given, | AC 21 and AB 


AB 2871.64 the Angles 


5. Given, BC 3176.2 nd AC required. 


The Anſwers are . that the Learner may 


reſolve them himſelf by the foregoing Methods; 
by which Means he will find and ſee more diſtinctly 
their mutual Agreements; and become more ex- 


pert, and the better acquainted with the Subject. 
OBLIQUE 
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OBLIQUE ANGULAR PLANE 
TRIGONOMETRY. 
EFORE we proceed to the Solution of the four 


Cates of Oblique-Angular Triangles, it is ne- 
ceſſary to premiſe the following Theorems. 


THEO L 


Plate V. 


In any plane T riang le ABC, the Sides are proportional 


1 the Sines of thetr oppoſite Angles, i. e. S. C. 
AB : : S. A: BC, and S. C. AB: S. B. AC; 
alſo S. B. AC: : 8. A: BC. Fig. 10. 


By Theo. 10. Sect. 1. the half of each Side is 


the Sine of its oppoſite Angle; but the Sines of 
thoſe Angles, in Tabular Parts, are proportional to 


the Sines of the ſame in any other Meaſure ; and 
therefore the Sines of the Angles will be as the 
Halves of their oppoſite Sides: And fince the 
Halves are as the Wholes, it follows, that the Sines 
of their Angles are as their oppoſite Sides, i. e. 
S. C:: SA: BC, Gt. QUE D. 


THEO W 


lu any plans Triangle ABC, the Sum of the two 
zteen Sides AB and BC, including a given Angle ABC, 
15 tn their Difference ; as the Taugent of half the Sum 
« the 1729 unknown Angles A and C ts io the Tangent 
cf half their Difference. Fig. 11. 


Produce 
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Plate V- 


Produce AB, and make HB=BC, and join HC: 
Let fall the Perpendicular BE, and that will biſect 
the Angle HBC (by Theo. 9. Sect. 1.) through B 
draw BD parallel to AC, and make HF = DC, and 
join BF; take BI = BA, and draw IG parallel to 
BD, or AC. 8 8 


It is then plain, that AH will be the Sum, and 
HI the Difference of the Sides AB, and BC : And 
ſince HB = BTC, and BE perpendicular to HC, 
therefore HE = EC (by Theo. 8. Sect. 1.); and 
ſince BA=BI, and BD and IG parallel to AC, there- 
fore GD=DC=FH, and conſequently HG = FD, 
and 5 HG = FD, or ED. Again, EBC, being half 
HBC, will be alſo half the Sum of the Angles A 
and C, by Theo. 4. Sect. 1. Alſo ſince HB, HF, 
and the included Angle H, are ſeverally equal to 
BC, CD, and the included Angle BCD; therefore 
(by Theo. 6. Sect. 1.) HBF = DBC = BCA (by 


A 


» 


Part 2. Theo. 3. Sect. 1.) and ſince HBD = A (by 


Part. 3. Theo. 3. Sect. 1.) and HBF = BCA; there- 
fore FBD is the Difference, and EBD, half the 


Difference of the Angles A and C. Then making 


EE the Radius, it is plain that EC will be the Tan. 


of half the Sum, and ED the Tangent of half tlic 
Difference of the two unknown Angles A and C- 


Now IG being parallei tu AC; AH : IH : : CH : Gi 
{by Cor. 1. Theo. 20. Sect. i.) But the Wholes ars 
as their Halves, i. c. AH: IH. : CE: ED, that is, 
4S the Sum of the two Sides AB and BC, is t. 
their Difference; ſo is the Tangent of halt the Sum 
of the two unknown Angies A and C, to the Lan- 
Zcnt of half their Difference. Q. E D 

7 


+ & ® 
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Plate V. 
THEO. m. 


In any rio li-lined plane Triangle ABD; the 
Baſe AD, will be 1» the Sum of the other Side, AB, 
RD, as the Difference of thoſe Sides, is to the 
| Difference of the Segments of the Baſe, made by the 
Perpendicular BE, viz. the Difference between AE 

and ED. Vi. 12. 


Produce BD, till BG = AB the leſſer Leg; and 
on Bas a Center, with the Diſtance BG or BA 
deſcribe a Circle AGHF , which will cut BD, and 
AD, in the Points H, and F: Then it is plain, that 
GD, vill be the Sum, and HD, the Difference of 
the Sices AB and BD; alſo ſince AE=EF, (by 
Theo. 8. Sect. 1.) therefore FD, is the Difference 
of AE, and ED, the Segments of the Baſe: But (by 
Theo. 17. Sect. 1.) AD: GD: : HD: FD; that 
is the Baſe is to the Sum of the other Sides, as the 
Difference of thoſe Sides, is to the Difference of the 
Segments of the Bate. Q E. D. 


THEO IV 


It to half the Sum of two Quantities, be added 
half their Difference ; the Sum will be the greateſi 
cf them: and if from half the Sum be ſubtracted 
| half their Difference, the Remainder will be the 
teaft of them. Fig. 13. 


Let the two Quantities be repreſented by AB, 
and BC; (making one continued Line ;) whereof 
AB is the greateſt, and BC the leaſt ; biſect the 
wile Tie AC in E; and make AD=BC, then 

| 'fs 
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it is plain, that AC is the Sum, and BD, the Diffe- 
rence of the two Quantities; and AE, or EC, their 
half Sum, and DE or EB their half Difference. Now 
if to AE we add EB, we ſhall have AB the greateſt 
Quantity; and if from EC we take EB, we ſhall 
have BC, the leaſt Quantity. Q E. D. 


Cor. Hence, if from the greateſt of tw: 
Quantity, we take half the Difference of them, 
the Remainder will be half their Sum; or if 
to half their Difference be added the leaft 
Quantity, their Sum will be half the Sum of 
the two Quantities. 


OBLIQUE ANGULAR 
TRIGONOMETRY. 


O Sides, and an Angle oppoſite to one of then: 
given, to find the other Angles and Side. 


In the Triangle ABC, there is gruen AB 240, the 
Angle A 46*. 30, and BC 200; to find the Angle C be- 
ing acute, the Angle B, and the Side AC. Fir. 14. 


 Geometrically. 


Draw a blank Line, on which fet AB 240 from 

4 Scale of equal Parts; at the Point A, of the 
Line AB, make an Angle of 46*. 39\, by an infi- 
nite blank Line; with BC 200, from a like Scale of 
equal Parts that AB was taken, and one Foot in B 
deſcribe the Arc DC to cut the laſt blank 1.ine in 
the Points D and C. Now if the Angle C hac 
been required obtuſe; Lines from D to , ard 
O | 15 
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to A, would conſtitute the Triangle; but as it is 
required acute, draw the Lines from C to B, and 
to A, and the Iriavgle ABC is conſtructed. From 
a Line of Chords let the Angles B and C be 
meaſured; and AC from the tame Scale of e- 


qual Parts, that AB and BC were taken; and you 
will have the Anſwer required. 


By Calculation. 


This is performed by Theo. 1. of this 
Sect. thus; 


As BC 200 2.30103 
is to the Sine of A 46 30! 9.86056 
So is AB 240 2. 36021 
12. 12.2407) 

To the Sine of C bow. 311 9. 93974 


180 — the Sum of the Angles A and C, will give 
the Angle B,; by Cor. 1. Theo. 5. Sect. I. 


A 46”. 2o 
C A 
150— 107. 10 = 72” 59'=B. 
As the Sine of A 46. 30' 9.86056 
is to BC 200 2.30103 
Sq is the Sine of B 72% 59 9 98056 
12.28 159 
To AC 263.7 2.42103 


By 
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Extend from 290 to 240, on the Line of Num- 
bers; that Diſtance will reach from 46. go! on the 
Line of Sines, to 609. 31! for the Angle C. 


Extend from 46”. 30, to 72%. 69, an the Line of 
Sines; that Diſtance will reach from 200 to 263.7, 
on the Line of Numbers for AC. 


CIIK 2 


Two Angles and a Side given, to find the other 
Sides. TE 


In the Triangle ABC, there is the Angle A 46+. 30. 
AB 230, and the Angle B 37. 20 given, to find AC 
and BC. Fig. 15 


CGenmmetr ically 


Draw a blank Line, upon 9. hich ſet AB 230, 
ſrom a Scale of equal Parts; at the Point A of 
the Line AB, make an Angle of 40%. 20, by 
a blank Line; and at the Point B of the Line AE, 
make an Angle of 37%. 3o', by another blank 
Line; the Interſ-&\ion of thoĩe Lines gives the 
Point C, fo is vour Triangle ABC conſtructed. 
Meaſure AC a BC from the fame Scale of equai 
Parts that AB was taken; and you have the 
Anſwer required. 


By Calculaiton. 
By (Cor. 1. Theo. 5. Section 1. 1 80—the Sun 


of the Angles A aud ESC. 
ſ) 5 | A 40. 
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A 46. 301 
3 


180% —-— 84. 00= 96. oo!'=C 


By Def. 29. Sect. 1. The Sine of 96S the 
Sine of 84%, which is the Supplement thereof; 
therefore inſtead of the Sine of 96, look in the 
Tables for the Sine of 8. 


By Theo. 1. of this Sect. 


As the Sine of C 906. 00 9.99761 
»waS  - 230 2.30173 

So is the Sine of A 460. 300 9 86056 
12.22229 

To BCG 167.8 2.22468 

As the Sine of C 96. oof 9g. 99761 
is to AP, 230 2.36173 

So is the Sine of B 37*. 301 9.78445 
12. 14618 

0 . 140 8 2.14857 


By Gunter's Scale. 


Extend ſrom 84%, (which is the Supplement of 
96%) to 46”. 30, on the Sines; that Diſtance 


will reach from 230, to 168, on the Line of 
Numbers for BC. 


Extend 


h 
4 
2 
4 
> 
s. 
» 
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Extend from 84”, to 3. 30, on the Sines; that 
Extent will reach from 230, to 141, on the Line of 
Numbers for AC. 


C 458 E 3. 


Tuo Sides, and a contained "_ given; 10 find the 


other Angles and Side. 


In the Triangle ABC, there is AB 240, the Angle A 
36%. 40%, and 40 180 given; to find the Angles C and 
B, and the Side BC. Fig. 16. 


Geometrically. | 
Draw a blank Line, on which from a Scale of 


equal Parts, lay AB 240: at the Point A of the 
Line AB, make an Angle of 36%. 40, by a blank 


Line; on which from A, lay AC 80, from the 


ſame Scale of equal Parts; Meaſure the Angles C, 


and B, and the Side BC, as before; and you have 


the Anſwer required. 
By Calculation. 
By Cor 1. Theo. 5, Sect. 1. 1 80—the Angle 
A 362. 40, = 143”. 20, the Sum of the Angles C, 


and B: Therefore half of 143. 20', will be half the 
Sum of the two required Angles, C, aud B. 


By Theo. 2, of this Sect. 


As the Sum of the two Sides AB, and AC, 420 
is to their Difference, 60 
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So is the Tangent of half the Sum of 8 . Mr 
the two unknown Angles CandB $ FEY 
to the Tangent of half their Difference 23. 20 


By Theo. 4. 


To half the Sum of the Angles C and B 71. 40 
Add half their Difference as now found 23. 20 
The Sum is the greateſt Angle, or Ang. C gg. "Y 


— 


Subtract, and you have the leaſt Angle, or B 48. 20 


The Angles C, and B, being found; BC is had as 
before, by Theo. 1. of this Sect, Thus. 


S. B: AC:: S: A: BC 
49e. 301 180 36. 401 143. 9 


By Gunter's Scale. 


Becauſe the two firſt Terms are of the fame 
Kind, extend from 420 to 60 on the Line of 
Numbers, lay that Extent from 45% on the Line of 
Tangents, and keeping the left Leg of your Com- 
pailes fixed, move the right Leg to 71%. 40'; that 
Diftauce laid from 45% on the ſame Line, will 
ceach to 23 30ʃ, the half Difference of the re- 
quired Angles. Whence the Angles are obtained 
as before. | 


The ſecond Proportion may be eaſily extended, 
trom what has been already ſaid. 


CASE 
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CHER 4a 
The Sides given, to find the Ang les. 


In the Triangle ABC, there is given 45 64, 40 47, 
BC 34. The Angles A, B, C, are required: Fig. 17. 


Geometrically. 


The Conſtruction hereof muſt be manifeſt, from 
Prob. x. Sect. 1. 


By Calculation. 
From the Point C, let fall the Perpendicular 
CD, on the Baſe AB; it will divide the Triangle 


into two right-angled ones, ADC, and CBD, as 


well as the Baſe AB, :nto the two Segments, AD 
and DE. 


Difference 1 3 


By Theo. 3, of this Sec! 
As tne Baſe or the longeſt Side, AB, 5 


64 
is to the Sum of the other Sides AC and BC, 81 
So is the Difference of thoſe Sides, 13 

to the Difference of the 3 of 6 
the Baſe AD, DB, - - - - 76-46 
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By Theo. 4, of this Scct. 


To half the Baſe, or to half the Sum 7 
of the Segmenis AD and DB, 3 
Add half thuir Difference, now found, 8.23 


Their Sum will be the greateſt Segment AD, 40 23 


Subtract, and their Difference will be } 1 
the leaſt Segment DR, . 23•7 


— —„—ͤ .4 


In the right-angicd Triangle ADC; there is 
AC 47, and AD 4o. 23, given, to find the An- 


gle A. 


This is reſolved by Caſe 4, of right-angled piane 
Trigonometry, thus, 
Ad: R:: AC: Sec. A. 
40. 23: 90: : 4): 310. o8! 
Or it may be had by finding the Angle ACP, 


the Complement of the Angle A; without a Secan:. 
thus, 


: R: AD: S. ACD.-. 
47: 90": : 40. 23: 5Þ, 52 


DC: S. A:: AC: S. B. 


34 : 31“. 08 :: 47 : 45%. 37. 


6 
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By Cor. 1. Theo. 5. Sect. 1. 180—ine Sum of 
A and B, =C | 


A 31% 08 
B 45. 37 


180-76. 45 O;. 15), the Angle C. 


By Gunter's Scale. 


The firſt Proportion is extended on the Linè ef 
Numbers; and it is no Matter whether you extend. 
from the firſt to the third, or to the ſecond Term, 
lince they are all of the fame Kind: If you extend 
to the ſecond, that Diſtance applied to the third, 
will give the fourth; but if you extend from the 
frſt to the third, that Extent will reach from the 
{econd to the fourth. 


The Methods of extending the ot'1er Proportions 
have been already fully treated of. 


A; Example m each Caſe of Obligue Angular 
Trigonometry. 


0 AC 290, A 
;. Given, ) 69 80 B requ'red. 
| AB 350) BC 


— 


req mred 


„ -- 24%. 203 08 
2 Given, 5 1280. 50 5 
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Of HEIGHTS: 


HE Inſtrument of leaſt Expence for taking 
Heights, 1s a Quadrant, divided into go equal 
Parts or Degrees; and thoſe may be ſubdivided 
into Halves, Quarters, or Eighths, according to the 

Radius, or Size of the Inſtrument : its Conſtruction 
will be evident by the Scheme thereof. (Fig. 18) 
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From the Center of the Quadrant let a Plum- 
met be ſuſpended by a Horſe Hair, or a fine Silk 
Thread; of ſuch a Length that it may vibrate 
freely, near the Edge of its Arc: By looking along 
us Edge AC, to the Top of the Object whoic 
Height is required; and holding it perpendicular, 
ſo that the Plummet may neither ſwing from it. 
nor he on it; the Degree then cut by the Hair, 
or Thread, wilt be the Angle of Altitude required 
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If the Quadrant be fixed upon a Ball and Socket, 

| on a three-legged Staff, and if the Stem from the 
1 Ball be turned into the Notch of the Socket, ſo as 
to bringthe Inſtrument into a perpendicular Poſition; 
the Angle of Altitude by this Means, can bc 
acquired with much greater Certainty. 
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An Angle of Altitude may be allo take: by 
any of the Inſtruments uſed in Surveying as ſhall 


be particularly ſhewn, when we treat of their Deſerip- 
tions and Ulcs, 


Moſt Quadrants have a Pair of Sights fixed on 
tic Edge AC, with imall circular Holes in them; 
which are uſeful in taxing the Sun's Altitude; requi- 
ſite to be KHnow-W-a in many aſtronomical Caſes ; this 
is effected by letting the Sun's Ray, which paſſes 
thro' the upper Sight fall upon the Hole in the 
lower one; and the Degree then cut by the Thread, 
will be the Angie of the Sun's Altitude ; ; but thoſe 
Sights are uſcleſs for our preſent Purpoſe, for looking 


along the Qyadrant's Edge to the Top of the Objcc: 
will be ſufficient, as before. 


01 


Plate 5. Fig. 19. 
Th find the Ileigbt of a n Ohiect al cn. 


Station, which 1s 6a an ora n¹ Elane. 


A Steeple. 
(Dit Angie of Alu ude 53 Degrees. 


 Diftance from the Obivrver to the Fort c! 
Cxiven, 4. the nt or the Bae, 85 Feet. 
Height of the luſtrument, or of the Ob 
, 5 Feet. 


Required tie Height of the Stceple. 


The Figure is conttructed and wrought, in all 
Retpects as Caſe 2 of right angled Triganometry : ; 


On there mult de Line drawn paralle! to, and 
ben: aith 


Plate V. Fig. 19- 


beneath AB of 5 Feet for the Obſerver's Height, to 

repreſent the Plane upon which the Object ſtands; 

to which the Perpendicular muſt be continued, and 
that will be the Height of the Object. 


Thus, AB is the Baſe, A the Angle of Altitude, 
BC the Height of the Steeple from The Inſtrument, 
or from the Oblerver's Eye, if he were at the Foot 


of it; DC the Height of the Steeple above the ho- 
rizontal Surface. 


Various Statings for BC, as in Caſe 2 of right 
angled Plane Trigonometry. 


go" 
53=A 
37=C 


i. : ::: 
„„ -- 53 $12.5. 


2. : :: TA: BC: 
go” 35 53 102-8. 
3. T. C: AB: : R.: BC. 
37* 35 gf  vn4. 6. 
To BC, 112.8 2 
Add DB, 5. the Height of the Obſerver 


_—— . ooo 


Their Sum is 117.8 or 118 Feet, che H1ght 


of the Steeple required. 
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Plate V. Fig. 20 


To find the Fleight of a Perpendicular Object, Oh dit 
horizontal Plane , t y having the Leng:h of the Sbadou 


give u. 


Provide a Rod, or Staff, whoſe Length is given, 
let that be (et perpendicular, by Help of a Qua- 
drant, thus; apply the Side of the 8 AC, 
to the Rod, or Staff; and when the Thread cuts 
90”, it is then perpendicular; the fame may be 
done by a Carpenter's or Maſon's Plumb. 


Ha ing thus ſet the Rod or Staff perpendicular; 
mcaſure the JL.ength of its Shadow, when the Sun 


ſhines, as well as the Length of the Shadow of the 


Object, whoſe Height is required; and you have 
the proper Requiſites given. Thus, 


ab, tlie . of the Shadow of the Staff, 15 
Feet, 


hen the Length of the Staff, 10 Feet. 


AB, te length of the Shadow of the Steeple, 


. 


or Object, 135 Fect. 
Required BC, the Height of the Object. 


The Triangles abc, ABC, are ſimilar, thus 
The An gle 3 being both right; the Lines a- 
AC, are parallel, being Ra ys, or a Ray of the Sun; 
v hence the Angle a=A hy Part 3. Theo. 3 | Sect. 
1.) and co: fequently exC- The Triangles being 
"therefore 
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therefore mutually equiangular, are ſimilar, (by 
Theo. 16. Sect. 1.) it will be, 


ab : bc : AB: BC. 
15 10 135 go. the Steeple's Height 
required. 


The foregoing Method is moſt to be depended 
on; however, this 1s mentioned for Variety fake. 


PR O B. III. 


T9 take the Altitude of a Perpendicular Objef, at the 
Foot of a Hill, from the Hill's Side. 


Turn the Center A of the Quadrant next 
your Eye, and look along the Side AC, or go 
Stde, to the Top and Pottom of the Object; 
and noting down the Angles, meaſure the Diſ- 


_ trance from the Place of Obſervation to the Foot of 
the One, Thus, 


Angle to the Foot of the Object 55% 
On 55". 15 

"Angle to the Top of it 31e or 210. 15“ 
Diſtance to the Foot of it 250 Feet, 


Required the Height of the Object. 


wen, 


Geometrically. 


Draw an infinite bank Line AD, at any Point 
in which A, make the Angle EAB of 55%. 15), and 
EAC of 311 151; lay 250 > from A to B; from E 
draw the Perpendicular BE (by Prob. 7. of Geo- 
metry) croſſing AC in C,; to will BC be the Height 
of the Object required. 


1. 
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In the Triangle ABC there is given, 


| ABE the Complement of EAB to 907, which 
is 34%. 48. | | 
ACB the Difference of the given Angles 24”. 000 
The Side AB 250. Required BC. 


This is performed as Caſe 2, of Oblique Angu- 
Jar Tngonometry. Thus 
180—the Sum of ABE 34”. 45, and CAB 24”. 0c 
=ACS 121. 15. - Them, 


S. Ach AB : : S.CAB : BC. | 
121% 151 250 24% oo! 119. The Height 
required. 


PROB. W. 


To take the Altitude of a perpendicular Object, on the 
Top of a Hill, at one Station; when the Top and B01 
toni of it can l ſeen from the Foot of the Hill. 


Piate V. Fig. 22. 


As in Prob. 1; take an Angle to the Top, 
and another to the Bottom of the Object; and 
racature from the Place of Obſervation to the 
rout of the Object, and you have all the given 
Reguinittes. Thus. 5 


A Tower on A Hill. 


| yr. gle to the Bottom 48* 30ʃ. 
Given, Angle to the Top 672. 00!, 
/ iſt. to the Foot of the Object 136 beet. 
Required, the Height of the Object. 


Ges- 
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Ceometrically. 


Make the Angle DAB = 48. 30, and lay 136 
Feet from A to B; from B let fall the Perpendicu- 
lar BD, and that will be the Height of the Hill: 
Produce BD upwards by a blank Line: Again, at A 
make the Angle DAC = 679. oo! by a blank Line, 
and from C where that croſſes the Perpendicular pro- 
duced, draw the Line CB, and that will be the 
Height of the Object required. 


Let AC be drawn. 
In the Triangle ABC, there is given, | 
The Angle ACD the Complement of DAC 
23? oof. 
CAB the Difference between the two given 
Angles = 18?. 30l. 


And the Side AB 136. To find BC. 


S. C: AB:: S. CAB: RC. 
27 136 18. 3 110 


Þ If BD were wanted, it is eaſily obtained, by the 
 Hrſt Cafe of Right-angled Plane Trigonometry. 
PROB. V. 


To take an inacceſſible perpendicular Altitude, on an 
Horizontal Plane. © 


Plate V. Fig. 23. 


This 1s done at two Stations, thus : 


Q_ Let 
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Let DC be a Tower which cannot be approached 
by means of a Mote or Ditch nearer than B; at 
B, take an Angle of Altitude to C: Meaſure any 
convenient Diſtance backward to A, which note 
down: At A take another Angle to C; fo have you 
the given Requiſites, thus; 


© Firſt Angle 55% oo! 

Given, Stationary Diſtance 87 Feet. 
Second Angle 372. O0l. 

The Height of the Tower CD, is required 


Geometrically. 


No Upon an infinite blank Line, lay off the ſtationa- 


ry Diſtance 87, from A to B; from B, ſet off your 
firſt ; and from A, your ſecond Angle: From C, the 
Point of Interſection of the Lines which form theſe 
Angles, let fall the Perpendicular CD; and that will 
be the Height of the Object required. 


Tho external Angle CBD, of the Triangle ABC 
is equal to the two internal oppoſite ones, A, and 
ACB (by Theo. 4. Sect. 1.) : Wherefore if one of 
the internal oppoſite Angles be taken from the ex- 
ternal Angle; the Remainder will be the other in- 
ternal oppoſite one, thus; 


CBD 55%—A 397*=ACB 185, 
i hercſore in the Triangle ABC; we have 
the Argles A, and ACB, with the Side AP 
given; 0 find BC, 


S. ACE 


p ROM '. ad 
r as * : 
» 2 : 1 A , 
7 "2 Fo * : 4 


f. 
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s. ACB: AB: 8. A EC. 
„ „ 
Having found BC, we have in the Triangle BCD; 


the Angle CBD 55⁵, conſequently BCD 35%, and 
BC 169.4; to find DC. | 


This is performed by Caſe the firſt, of Right-an- 
gled Trigonometry, three ſeveral Ways; thus, 


23 N: WE: SS CD: DC 


90˙ 169.4 55% 138.8. The Height 
required. N 


2. Ser. CBD : BC: : T. : DC. 


| © 1004 Fx£© 2368. 
The Height "required. N 


3. See. BCD: BC: : R.: 


35˙ 169.4 go" 138.8. 
The Height required. 


If BD, the Breadth of the Mote, were ic- 
quired; it may allo be found, by three diſſerent 
Statings, as in the firſt Caſe of Right-angled 
Plane Trigonometry. 


PRO B. VI. 


Plate V. Fig. 24. 

Let BC a May-pole, whoſe Height is 100 Feet, be 
broken at D; the upper Part of which DC, falls up- 
on an horizontal Plane, fo that its extremity C, 1 
34 Feet from the Bottom or Foot of the Pole. 

Required the Segments BD and DC. 


Q 2 Cris 


116 Of HEIGHT $s, 


Geometrically. 


Lay 34 Feet from A to B; on B erect the Per- 
pendicular EC of 100 Feet, and draw AC: Biſect 
AC, (by Prob. 4. Sect. 1.) with the Perpendicular 
Line EF; and from D, where it cuts the Perpendi- 
cular BC, draw AD, which will be the upper Seg- 
ment; and DB will be the lower. 


By Cor. to Lemma, preceding Theo. 7. Sect. 
1. AD DC; and (by the Lemma) the Angle 
C = CAD. 


In the Triangle ABC, find C, as in Cale 6, of 
Right-angled Trigonometry }, thus, 


:;.- CC :K: AS: esd 
100 90 234 18%. 47 


By Theo. 4. Sect. 1. The external Angle 
ADB= 37%. 34', or to twice the Angle C, i. e. 
to C, and GAD. 


Then in the Triangle ABD, there is ADB 379. 34, 
therefore alſo its Complement DAB 527. 26, and AB 
34 given, to find AD, and AB. 


By the ſecond Caſe of Reta Tri- 
gonometry. 


2 & Au: An: : R: A d DC 
n 


BC— DCS BD. 
100—55.77 44. 23 required, 


Theſe 
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Theſe may be had from other Statings, as 
in the ſecond Caſe aforeſaid. 


PRO B. VII. 


To take the Altitude of a perpendicular Object on a 
Hill, from a Plane beneath it. 


Plate V. Fig. 25. 
This is done at two Stations, thus; 


Let the Height DC, of a Wind-mill on a 
Hill be required. 


From any Part of the Plane whence the Foot of 
the Object can be ſeen, let Angles be taken to 
the Foot, and Top; meaſure thence any convenient 
Diſtance towards the Object, and at the End there- 
of, take another Angle to the Top: And you have 
the proper Requiſites, thus; 


Firſt Station. Angle to the Foot DH 21”. oof. 
Angle to the Top CAB 35”. ool. 
Stationary Diſtance AB 104 Feet, 


Second Station. Angle to the Top 48“. 30. 
DC, and DE required. 
 Geometrically. 
On an infinite blank Line, lay the TA WIRD 
Diſtance: AB 104 Feet; from A, ſet off the ſecon · , 


ind from B, the third given Angle; and from tbr 
int. 
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Plate V. Fig: 25. 


interſecting Point C of the Lines formed by them; 
tet fall the Perpendicular CE: From A ſet off the 
firſt Angle, and the Line formed by it will deter- 
mane — Point D. Thus have we the Height of 
the Hill, as well as that of the Windmill. 


The Angle CBE ASA C;, as before. 


In the Triangle ABC, find BC thus, 


„ r N 
13%. 300 104 357. 000 255.5. 


In the Triangle CBE, find CE thus, 


a. N.: : Sc: CE. 
go” 255.5 49%. 300 191.4. 


In the fame Triangle find BE thus, 


3. R.: BC : : S.BCE : (or Comp. of CBE)BE 
go” 255.3 41%. 301 169.2. 


ABtBE = AE, or 1041169.3 2 273.3 AE. 
In the Triangle AED, find DE thus, 


SS ADE : (or Comp. of DAB AE. S. Dal 
8 6g" 5 273.3 21 
104.9, required. 


1 CE—DE=CD. or $5; 4— aaa $=CD, 
Nie. required. 


CE. 
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Plate V. Fig. 25. 


CE, BE, or DE, may be found by other various 
Statings, as ſet forth in the firſt and ſecond Caſes of 
Rectangular Trigonometry. 


PRO B. VIII. 


To find the Length of an Ol Jeet, Mat ſtands obliquely « buf 
on the Top of a Hill, from a Plane beneath. ; 19 
20/58 

' ! 728 

Let CD be a Tree whoſe Length is required. DT | 
1 . [1480 

This is done at two Stations. 1 Ky 
Make a Station at B, from whence take an Angie \ 
to the Foot, and another to the Top of the Tree; oa 
meaſure any convenient Diſtance backward to A, _ 
from whence alſo let an Angle be taken to the Foot, 1 1 
and another to the Top; and you have the Requi- „ 
lites given. Thus, Mi 1 | 
18 | hy | 

Firſt Station. An to ) the Foot EBD= 360. 300 f 


Angle to the Top EBC=44*. 30 
Stationary Dithece AB 104 Feet. 


Second Station, Auge to the Foot EAD=240. 30. 
Augle to the Top EAC = 32. oof 


Let DC and DE be required. 


The Geometrical Conſtructions of this and the 
ext Problem arc omitted; as what has been already 
faid, and the Iivures are looked upon as ſufficient 


Helps. 


E58 — A2 — ACB, GT 44”. 20 — — 1 . 29, a3 
bel ire, 


1 * 
n 


p 
_ f 
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Plate V. Fig. 26. | 
In the Triangle ABC, find BC. Thus: 
i. SS AE: AS:: SA: 
129 300 104 32 254-7. 
EBD— EAD =A DB, Or 36. 30—240. 30' = 122, ©0l. 


In the Triangle ADB, find BD. Thus: 


2. S. ADB: AB:: S. DAB: DB. 
12% oo! 104 24%. 30! 207. 4 


CBE—DBE = CBD, or 44”. 30 — 360. 30 = $89, O00. 
In the Triangle CBD there is given, CB 254.7, 


DB 207.4, and the Angle CBD 89. oo! ; to find DC. 


This is performed as Caſe 3, of Oblique angular 

T rigonometry , thus: 
3. BCtBD : BC—RD : : T. of 1 BDCtBCD: 

462.1. 47-3 862 00, 
T. of à BDC—BCD. 

55”. 40. 
869. 00t 55% 40 = 141% 40 = BDC. 
869. 0o!—55% 40 SO. 20! = BED. 


4. S. BCD: BD : : S. CBD : DC. 


20". 201 2074 8. oof 5715 Length of 
tlie Tree. 


To find DE, in the Triangle DBE. 


Say R.: BD; . S. DBE. DE. 
Hin 905. 207-4. 36% 230 123.4. Height, of the 


ROB. 
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To find the Height of an inacceſſible Object CD, on a 
Hill BC, from Ground that is not horizontal. 


Plate VI. Fig. 1. 


From any two Points, as G and A, whoſe Diſ- 
tance GA is meaſured, and therefore given ; let the 
Angles HGD, BAD, BAC, and EAG, be taken : 
Bzcauſe GH is parallel to EA (by Part 2. Theo. z. 
Sect. 1.) the Angle HGA = EAG; therefore EAG 
HGD = AGD: And (by Cor. 1. Theo. 1. Sec. 
1.) 180 — the Sum of EAG and BAD = GAD: 
And (by Cor. 1. Theo. 5. Sect 1.) 180 - the Sum 
of the Angles AGD and GAD= GDA : Thus we 
have the Angles of the Triangle AGD, and the 
Side AG given ; thence (by Caſe 2, of Ob. Trig.) 
AD may be eaſily found. The Angle DAB-CAB 
 =DAC, and 90 — BAD=ADC; and 180˙— the 
Sum of DAC and ADC= ACD: So have we the 
ſeveral Angles of the Triangle ACD given, and 
the Side AD; whence (by Cale 2, Obl. Trg) CD 
may be eaſily found. We may alſo find AC, 
which with the Angle BAC, will give CB the 
Height of the Hill. 


The Solutions of the ſeveral Problems in Heights 
and Diſtances, by Gunter's Scale, are omitted ; be- 
cauſe every particular Stating has been already 
ſhewn by it, in the Rectangular and Oblique- 
angular Trigonometry. 
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\ NY of the Inſtruments uſed in Surveying, 
£4 A will give you the Angles or Bearings of 
Lines; which will be particularly ſhewn, when we 
come to treat of them. 


FROM L 
Plate VI. Fig, 2. 


Let A and B be two Houſes on one Side of a 
River, whoſe Diftance aſunder is 293 Perches: 
There is a Tower at C on the other Side of the 
River, that makes an Angle at A, with the Line 
AB of 53. 20'; and another at B, with the Line 
BA of 66. 20': Required the Diſtance of the 
Tower from each Houſe, viz. AC and BC. 


This is performed as Caſe 2, of Oblique-angled 
Trigonometry, thus: 


3. S C- AB: :& A: 
bo”. 20' 293 53”. 200 270. 5; 


2. 8. C: AB: 8. 3: AC: 
60”. 20 293 669. 20 308. 8. 


PROP. 
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Plate VI. Fig. 11. 2 
Let B, and C, be two Houſes whole direct Diſ- 
tance aſunder BC, is inacceilible : However it is 
known that a Houſe at A, is 252 Perches from 
B, and 230 from C; and that the Angle BAC, 
is found to be 50”. What is the Diſtance BC, be- 
tween the two Houſes ? 


This is performed as Caſe 3, of Oblique-angular 
Trigonometry, thus : 


i: ABFAC : AB-AC : T. of £ CtB: 


3% 44" 


FFF 

2. S8. C. AB: S. A: BC. 

5 . „% 252 2799 
PROS. WW. 
Plate VI. Fig. 3. 

Suppoſe ABC a triangular Piece © Ground, 
which by an old Survey we find to be thus: 
AB 260, AC 160, BC 150 Pudlics : Ihe moaning 
Lines AC, and BC, are deſtroyed or plowed down, 


R 2 and 
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ACD. The Triangles CEE, CAD, are therefore 
mutually equiangular, and (by Theo. 16. Sect. 1.) 
BE: AM :: CB: CEooDC:t oe: . 
QED 


P R 0 F. 


Plate VI. Fig. 5. 


Let three Gentlemens Scats, A, B, C, be ſituats 
in a triangular Form: There 1s given AB 2. 5, 
Miles, AC 2. 3, and BC 2. It is required to build 
2 Church at E, that ſhall be equi-diſtant from the 
Seats A, B, C What Diſtance muſt it be from 
each Scat, and by what Angle may the Place of it 
be found ? | 


Geemetrically. 


By Prob. 15. Sect. 1. Find the Center of a Cir- 
cle that will pats through the Points A, B, C; 
and that will be the Place of the Church; the 
Meaſure of which, to any of theſe Points, is the 
Antwer for the Diftance ; Draw @ Line from any of 
the three Points to the Center, and the Angle it 
makes with either of the Sides that contain the 
Angle it was drawn to; that Angle layed off by 
the Direction of an Inſtrument, on the Ground, 
ard the Diſtance before found being ranged there- 
In, will give the Place of the Church required. 


B * Calculation. 


t. AB: ACtEC :: AC-BC : AD-DE 
+5. 40 4 516. 


125.278 = 1. 08 AD 
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/ 


By Cor. 2. Theo. 14. Sect. 1. The Square Root 
of the Difference of the Squares of the Hypothe- 
nuſe AC, and given Leg AD, will give DC. 


i. . 45.29--2-274064= 3015936. 
Its Square Root is 1.7 36=CD. 


'Then by the preceding Lemma, 


2 CD: AC: : CB : the Diameter. 
1.736 2:3 2 2-05. 


the half of which, via. 1.325 is the Semi-diameter, 
or Diſtance of the Church from each Seat, that is 
AE, CE, BE. 


From the Center E, let fall a Perpendicular upon 
any of the Sides as EF, and it will biſect in E: 
(by Theo. 8. Sect. 1.) | 


Wherefore AF = CFS AC=1.15. 


In the right-angicd Triangle AFE, you have 
AF 1.15, and AE the Radius 1.325 given, to find 
FAE, thus, 


3- AF : R.: : AE : Sec. FAE. 
I-15 90 1-325 29% 475 


þ Wherefore directing an Inſtrument to make a-. 

; Angle of 29%. 47), with the Line AC; and mca- 
ſuring 1.325 on that Line of Direction, will give 
the Place of the Church, or the C-nter of a Circle 
that will paſs through A, B, and C. 


The, 
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The above Angle FAE, may be had without a 


Secant as before, thus, 


R.: AF: S. AEF. 


1.325 90% 1.15 60°. 131. 


Its Complement 299. 47, will give FAE, as be- 


fore. 


AE 


The Que 
Head, being 


18 
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have choſen to give 
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SECT. II. 


Contatning a particular Deſcription of the ſeveral Iuſtru- 
ments uſed in Surveying, with their reſpective 
Uſes. And firſt, 


Of the CHAIN. 


THE Stationary Diſtance, or Mearings of 

Ground, are meaſured either by Mr. 
Gunter's Chain of four Poles or Perches, which 
conſiſts of 100 Links; (and this is the moſt na- 
tural Diviſion) or by one of 50 Links, which con- 
tains two Poles or Perches : But becauſe the Length 
of a Perch differs in many Places, therefore the 
Lengths of Chains and their reſpective Links will 
differ alſo. | 


The Engliſh Statute-Perch is 32 Yards, the Two- 
Pole-Chain is 11 Yards, and the Four-Pole one is 
22 Yards: Hence the Length of a Link in a Statute- 
Chain is 7.92 Inches. 


There are other Perches uſed in different Parts of 
England, as the Perch of Mood land Meaſure, which 
1s 6 Yards; that of Church-land Meaſure, which is 7 
Yards (or the fame with the Plantation Perch) and 
the Foreſt Meaſure Perch, which is 8 Yards. 


— The 
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The Iriſb, or Plantation Perch is 7 Yards, as be- 
fore; the T wo-Pole Chain is 14; and the Four-Pole 
one is 28 Yards: Hence the Length of a Hlantaliun 
Chain 15 10. 08 Inches. 


The Scotch Perch is 18% Feet, or 6 s Yards, or 6 
Scat's Ellis. In the Shire of Cunaingham in Scotland, 
their Perch is 183 Feet, and this Perch is uſed in ſome 
few Places in the North Part of this Kingdom, as the 
Statute Perch 1s in ſome other Parts. 


For the more ready reckoning the Links of a 
Four-Pole Chain, there is a large Ring, or ſome- 
times a round Piece of Braſs fixed at every 10 
Links; and at 30 Links, or in the Middle, there 
are 2 large Rings. In ſuch Chains as have a Braſs 
Piece at every 10 Links, there is the Figure 1 on 
the firſt Piece, 2 on the ſecond, 3 on the third, c. 
to 9. By leading therefore that End of the Chain 
forward, which has the leaſt Number next it, he 
who carries the hinder End may eaſily determine 
any Number of Links: Thus, if he has the Braſs 
Piece Number 8, next to him, and 6 Links more 
in a Diſtance, that Diſtance is 86 Links. After 
the tame Manner 10 may be counted for every 
large Ring of a Chain which has not Braſs Pieces 
on it; and the Number of Links is thus readily 
determined. 9855 


The Two-Pole Chain has a large Ring at every 
10 Links, and in its Middle, or at 25 Links, there 
are 2 large Rings; ſo that any Number of Links 
may be the more readily ccunted off, as before. 


The Surveyor ſhould be careful to have his Chain 
meaſured before he proceeds on Buſineſs, for the 


Rings 
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ings arc apt to be open by frequent uſing it, and 
its Length is thereby enereaſed, ſo that no one can 
be too circumſpect in this Point. 


In mealuring a ſtationary Diftance, there is an 
Object fix'd in the extream Point of the Line to be 
meaſured; this is a Direction for the hinder Chain- 
man to govern the foremoſt one by, in order that 
the Diſtance may be mcaturcd in a right Line; for 
if the hinder Chainman cauſcs the other to cover the 
Object, it is plain the foremoſt is then in a right 
Line towards it. For this Reaſon it is neceſſary to 
nave a Perſon that can be relied on, at the hinder 
End of the Chain, in order to keep the foremoſt 
Man in a riglit Line; and a Surveyor who has no 
ſuch Perion ſhould chain hunſelf. The Inaccuracies 
of moſt Surveys ariie from bad Chaining, that is, 
from ſtraying out of the right Line, as well as from 
other Omiſſions of the hinder Chainman : No 
Perſon, therefore, ſhould be admitted at the hinder 
End of the Chain, of whoſe Abilities in this reſpect, 
the Surveyor was not previoutly ſatisfied and con- 
vinced,; fince the Succeſs of che Survey in a great 
Meaſure depends on his Care and Skill, 


In ſetting out to racalure any ſtationary Diſtance, 
the fore Man of the Chain carries with him 10 Iron 
Pegs pointed, each about ten Inches long; and 
when he has ſtretched the Chain to its full Length, 
he at the Extrenuty thereof ſlicks one of thoſe Pegs 
perpendicularly in the Ground; and leaving it 
there, he draws on the Chain 'till the hinder Man 
checks him when he arrives at that Peg: The 
Chain being again ſtretched, the fore Man ſticks 
down another Peg, and the hind Man takes up the 
former; and thus they proceed at cvery Chain's 
Length contained in the Line to be ineaſured, 


counting the ſurpius Links contained between the 
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_ laſt Peg, and the Object at the Termination of the 
Line, as before: So that the Number of Pegs taken 
up by the hinder Chainman, expreſſes the Number 
of Chains; to which, if the odd Links be annexed, 
the Diſtance Line required in Chains and Links is 
obtained, which muſt be regiſter'd in the Field-Pook, 
as will hereafter be ſnewn. 


lf the Diſtance exceeds 10, 20, 20, Sc. Chains, 
when the Leader's Pegs are all exhauſted, the hin- 
der Chain man, at the Extremity of the 10 Chains, 
delivers him all the Pegs; ſrom whence they pro- 
ceed to meaſure as before, till the Leader's Pegs 
are again exhauſted, and the hinder Chainman at 
the Extremity of theſe 10 Chains again delivers 
him the Pegs; from whence they proceed to mea- 
ſure the whole Diſtance Line in the like Manner ; 
then tis plain, that the Number of Pegs the bin- 
der Chainman has, being added to 10, if he had 
delivered all the Pegs once to the Leader, or to 20 if 
twice, or to 30 if thrice, Sc. will give the Number 
of Chains in that Diſtance; to which if the ſurplus 
Links be added, the Length of the ſtationary Dit- 
tance is known in Chain and Links. 


It is cuſtomary, and indeed neceſſary, to have Red, 
or other coloured Cloth fixed to the Top of each 
Peg, that the hinder Man at the Chain may the 
more readily find them, otherwiſe in chaining thro” 
Corn, high Graſs, Briars, Ruthes, Potatoes, &'c. it 
would be extremely difficult to find the Pegs which 
the Leader puts down: By this Means no Time i: 
loft, which otherwiſe muſt be, if no Cluths arc HN 
to the Pegs, as before. 


It will be neceſſary here to obſerve, that all ſlant, 
or inclined Surfaces, as Sides of Hills, are meaſured 
horizon:ally, and not on the Plane or Sus face oi 
d- IIill, and is thus eſſected | Fc 


Pace VIII. big. 4. 


Let ABC be a Hill, the hindmoft Chainman is 
to hold the End of the Chain perpendicularly over 
the Point A, (which he can the better effect with a 
Finmaret and Line, than by letting a Stone drop, 
which 1s moſt uſual) as d 18 overs A, while the 
Leader puis dun his Peg at e. 1 "Is Nye can direct 
the horizoutel Politien ncar emugh, (out if greater 
Accuracy werd required, a Quadral applied to the 
Chain, would ſettle that). In the tame Manner the 

reſt may be chained up and down; wy 1:2 Bog 
down it is the plain Leader of the Chein mult eld 

up the End thercor, and the Hummet thence "il 
pended will mark the Point here ke is to Nick bis 
Peg. The Ligure is ſufficient to render the wh 
evident; and to ſhew that the aum of tre Choi 8 
will de the horizontal Meature of tre Bate of ! 
Hill; for die Ao, Ig op, li p, &. therefore + 
Fr tbr, &c. Ao f op f pq, &c. = AC, the Bale of 
the Eil. If an whole Chain cannot be carried ho- 
T1ontally, half a one or leſs may, and the Sum 


of theie half Chains, or Links, will give the Baie as 
IE ; 


45 73} ot 


Il the inclined Side of the Hill he a plane Surface, 
the Angle of the Hill's Inciination may be taken, 
and the flant Height may be meaſured on the Sur- 
face; and thence (by Cale 1, of rigit-angled Triga- 
Bometry,) the horizontal Line antwering to the Jop 
may be feund; and if we have the Angle of Inclina- 
tion given on the other Side, with thoſe alrca 

even; we can ſind the horizontal Diſtance acrols tlie 
ill, 7 Cafe 2, of Oblique Trigonometry. 


Atl inclined n are considered as horizontal 
ont; for all Trees which grow upon any iachned 
: Surſice, 
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Surface, do not grow perpendicular thereto, but to 
the Plane of the Horizon: Thus if Ad, &, g, &c. 
were Trees on the Side of a Hil), they grow per- 
pendicular to the horizontal Baſe AC, and nat to 
the Surface AB: Hence the Baſe will be capable to 
contain as many Frees as are on the Surface of the 

Til, which is manifeſt from the Continuation of 
them thereto. And this is the Reaſon that the Area 
of the Baſe of a Hill is conſidered to be equal in Va- 
lue to the Hill itſelf. 


Beſides, the Irregularitics of the Surfaces * Hills 
in general are ſuch, that they would be found im- 
8 to be determined by the moſt able Mathema- 
tician. Certain regular curve Surfaces have been in- 
reſtigated with no imall Pains by the moſt Eminent: 
Therefore an Attempt to determine in general the In- 
finity of irregular Surfaces which offer themſelves to 
our View, to: any Degree of Certainty, would be idle 
and ridiculous, and for this Reaſon alſo the horizon- 

ta] Area 1s only attempted. 


Again, if the circumja cent Lands of a Hill be 
plapucd or mapp'd, it is evident we fhall have a Plan 
of the Hill's Eaſe in the Middle: But were it poſſible 
76 pit the Hill's Surface in heu thereof, it would ex- 
tend itſelf into the circumjacent Lands: and render 
he Whole an Heap of Cortutior : So that if the Sur- 
faces of Flilis could be determined, no more tha, 
the Bate coul be mapp'd. 


Roads are uſually meaturcd b, a Wheel for that 
Purpole, to which there is "ater, a Machine, at the 
Jud whercot there 1 u Spring, winch is ſtruck 
by a beg in the \Wheet 6: in every Rotation; by 


Rotations is known. 
11 


ee? 


1033 M the Number 
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ww 


If ſuch a Wheel were 3 Feet 4 Inches in Diameter, 
one Rotation would be 10 Feet, which is half a 
Plantation Perch; and becauſe 320 Perches make a 
Mile, therefore 640 Rotations will be a Mile alſo: 
And the Machinery is fo contrived, that by Means 
of a Hand, which 1s carried round by the Work, it 
points out the Miles, Quarters, and Perches, or 
ſometimes the Miles, Furlongs, and Perches. 


Or Roads may be meaſured by a Chain more 


accurately; for 80 Four-Pole, 160 Two-Pole 


Chains, or 320 Perches make a Mile as before: 
And if Roads are meaſured by a Statute Chain, it 
will give you the Miles Exgliſb, but if by a Plan- 
tation Chain, the Miles will be 1-;4. Hence an 


Engliſh Mile contains 1760, and an {r:/þ Mile 2240 


' Yards; and becauſe 14 half Yards is an Iriſb, and 
11 half Yards is an A 5 Perch, therefore 11 
Iriſh Perches, or Iriſb Miles, are equal to 14 Engliſh 

ones. 


Since ſome Surveys are taken by a Four-Pole, 
and others by a Two-Pole Chain ; and as Ground 
for Houſes is meaſured by Feet, we will ſhew 
how to reduce one to the other, in the following 
Problems. 


PROB. 1 


To reduce Two-Polc Chains and Links to Four - 
Pole ones. 


If the Number of Chains be even, the half of 


them will be the Four-Pole ones, to which annex the 
Links given, thus, 
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. 
In 16. 37. of Two-Pole Chains, how man, 
Dole ones 


2 


1 
Anſwer, 8. 37. 


bat if the Number of Chains be odd, take tl. 


h. them ior Ctains, and add 50 to the Links, 6. 
and tic) 6 will bz Four-Pole Chains and Links, thus, 


Ch. L 
2. In 179. 42 of Two-Pole Chains, how mans 
Four-Pole ones ? 
+ 
Anſwer, 8. 92. 
PROB. l. 
To reduce Four-Pole Chains and Links, to Tuu- 


Pole ones. 


Double the Chains, to which annex the Links, it 
8 be leis than go; but if they exceed 50, dou- 
e the Chains, add 1 to them, and take 50 from 


the Links, aud the Remainder will be the Links, 
thus, 


8 


1. In 3. 37 of Four-Pale Chains, how many 
1 TwWo-Pole ones! 
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G I. 
In 8. 82 of Four-Pole Chains, how 2 
2. 50 Two Pole ones? 


17. 32 Anſwer. 


P R O B. III. 


To reduce Four-Pole Chains and Links, to Perches 
and Deci mals of a Perch. 


The Links of a Four-Pole Chain are decimal 


Parts of it, each Link being the hundredth Part of 


a Chain, therefore if the Chains and Links be mul- 
tiplied by 4, (for 4 Perches are a Chain) the Product 
will be the Perches and decimal Parts of a * 


Tk 


W . 


How many Perches in 13. 64 of Four-Pole 


Chains ? „„ 


pn NN 


Anſwer 54. 56 Perches. 


PROB. I. 


To reduce T wo-Pole Chains and Links, to Perches 
and Decimals of a Perch. 


They may be reduced to Four-Pole ones, (by 
Prob. 1.) and thence to Perches and Decimal, (by 
the laſt.) or, 

” Tf 
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If the Links be multiplied by 4, carry one 
to the Chains, when the Links are, or exceed 25, 
and the Chains by 2, adding one if Occaſion be: 


The Product will be Perches, and Decimals of a 
Perch. Thus, 


E. 
1. In 17. 21 of Two-Pole Chains, how many 
2. 4 Perches ? 


Anſwer 24. 84 Perches ? 


3 


2. In 15. 38 of Two-Pole Chains, how many 
* 4 Perches : ? 


Anſwer 31. 52 Perches. 


PROB. V. 


To reduce Perches, and Decimals of a Perch, tu 
_ Four-Pole Chains and Links. 


Divide by 4, and cut two Decimals from the 


Quotient, and that will be Four-Pole Chains and 
Links. Thus, 


In 31.52 Perches, how many  Four-Pole Chains | 
and Links? I 


E 1 : 
4)31.52(7. 88 Anſwer. a 
35 

32 


ROB. 
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p R O B. VL 


To reduce Perches and Decimals of a Perch, to 
Two-Pole Chains and Links. 


The Perches may be reduced to Four- Pole 
Chains, (by the laſt) and from thence to Two-Pole 
Chains, (by Prob. 2.) or, 


Divide the whole Number by 2, the Quotient 
will be Chains; to the Remainder annex the given 


Decimals, and divide by 4, the laſt Quotient will 


be the Links. Thus, 


In 31.52 Perches} how many Two-Pole Chains 
and Links? 


6: 
2)31.52( 15. 38. Anſwer. 


— — — 


11 


4) 152 (38 


3 


PR OB. vn. 


. _— ” 


To reduce Chains and Links, to Feet and Decimal 
Parts of a Foot. 


If they are Two-Pole Chains, reduce them to 


Four-Pole ones: (by Prob. 1.) Theſe being multi- 
T 2 plied 
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plied by the Feet in a Four-Pole Chain, will 
give the Feet, and Decimals of a Foot. Thus, 
TH 
In 17. 21 of Two-Pole Plantation-Chains, how 
many Feet ? | 
— Se 
8. 71 of Four-Pole Chains. 
bg 
3484 Feet Inches. 
6968 Anſwer 731. 7* 
Feet 731.64 


12 
"he 


Inches 7.68 
2.72 
P ROB. VIll 
To reduce Feet and Inches to Chains and Links. 
| Reduce the Inches to the Decimal of a Foot, and 
annex that to the Feet; that divided by the Feet 
will give Four-Pole Chains 


in a Four- Pole Chain, 
and Links in the Quotient: Theſe may be reduced 
and Links, if required, b. 


to Two-Pole Chains 
Prob. 2. Thus, 


Feet Inches 


In 217. 9 how man) Two-Pole Pian tation 
Chains? 


12)9. 00.75 the Decimal of 9 Inches. 
8 


2 — 
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„ 
84) 217.7502. 59 of Four-Pole Chains. 


497 


——— C. I. 


775 or 5. og of two Pole Chains. 


— 


19 


How to take a Survey by the Cnain 
only. 


PE ROB. I. 


To ſurvey a Piece of Ground, by going round it, 
and the Method of taking the Angles of the 
Field, by the Chain only. | 


Plate VI. Fig. s.. - 

Let ABCDEFG be a Piece of Ground to 
be ſurveyed : beginning at the Point A, let one 
Chain be laid in a dire& Line from A towards G, 


where let a Peg be left as at c, and again, the like 


Diſtance from A in a direct Line towards B, where 
another Peg is alfo to be left as at 4. Let the Diſ- 
tance from d to c be meaſured, and placed in the 
IField-Book, in the ſecond Column under the De- 
nomination of Angles, in a Line with Station No. 1; 
and in the ſame Line under the Title of Dittances, 
in the third Column, let the Meaſure of the Line 
AB in Chains and Links be inſerted. Being now 
arrived at E, let one Chain be laid in a direct Line 
from B towards A, where let a Peg be leſt, at /, 


and 
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and again, the like Diſtance from B in a direct Line 
towards C, where let alſo another Peg be left, as at 
e; the Diſtance from e to f is to be inſerted in the 
Field-Book, in the ſecond Column, under Angles, 
in a Line with Station, No. 2; and in the ſame Line, 
under the Title of Diſtances in the third Column, 
let the Meaſure of the Line BC, in Chains and Links, 
be inſerted: After the ſame Manner we may proceed 
from C to D, and thence to E; but becaule the An- 
gle at E, viz. FED, is an external Angle, after 
having laid one Chain from E to h, and to g, the 
Diſtance from g to h is meaſured, and inſerted in 
the Column of Angles, in a Line with Station, No. 
5. and on the Side of the Field-Book againſt that 
Station, we make an Aſteriſk thus“, or any other 
Mark, to ſignify that to be an external Angle, or 
one meaſured out of the Ground, Proceed we 
then as before from E to F, to G, and thence to A, 
meaſuring the Angles and Diſtances, and placing 
them as before in the Field-Book oppoſite to their 
reſpective Stations; ſo will the Field-Book be com- 
pleated in Manner following. 


N. B. After this Manner the Angles for 
inacceſſible Diſtances may be taken, and the 
Method of conſtructing or laying them down, as 
well as the Conſtruction of the Map, from the fol- 
lowing Field Notes, muſt be obvious from the 
Method of taking them. 


The Form of the Field-Book, with the Title. 


A Field-Bock of Part of the Land of Grange, 
in the Pariſh of Portmarnock, Barony of G 
lock, and County of Dublin; being Part ot 
the Eſtate of L. P. Eq, ſet to C. D. Far- 
mer. Surveyed January 30, 1768. 

| T aken 
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Taken by a Four-Pole Chain. 


No. | Angles. [Diſtances 
Remarks. Ne L. EL 


, 


— — — — — — 
: 


Mr. 7. D's Part of Grange i | 1.80 | 17.65 


1.79 | 18.50 | 
1.76 | 28.00 | 
1.413] 20.00 
1.872) 14.83 

' 1.14 | 19.41 
[_7_ 11-89] 2453} 
Clole at the iſt Station. 


WI. PsPan of Point | 
5 Strand 


Widow J. G's Part of Grange | 


aa Þ WH 


— 


The Signification of the Remarks. 


Mr. J. D's Part of Grange mears, or is adjacent 
to the ſurveyed Land from the firſt to the third Sta · 


tion: Mr. L. P's Part of Portmarnock mears it from 


the third to the fourth Station; the Strand then is tlie 
Mearing from thence to the ſixth, and from the ſ1xth 
to the firſt Station, the Widow J. G's Part of 
Grange is the Mearing. 


It is abſolutely neceſſary to inſert the Perſons 
Names, and Town-Lands, Strands, Rivers, Bogs, 
Rivulets, &c. which mear or circumſcribe 
the Land which is ſurveyed; for theſe muſt be 
expreſſed in the Map. 


In a Survey of a Town-Land, or Eſtate, it is 
ſufficient to mention only the circumjacent Town- 
Lands, without the Occupiers Names; but when a 
Part only of a Town-Land is ſurveyed, then it is 
neceſſary to inſert the Perſon or Perſons —_ 

who 
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who hold any particular Parcel or Parcels of ſuc!; 
Town-Land, as mear the Parts ſurveyed. 


When an Angle is very obtuſe, as moſt in our 
preſent Figure are, viz. the Angles at A, B, C, 
E and G; it will be beſt to lay a Chain from the 
angular Point as at A, on each of the containing Sides 
to c and to d; and any where nearly in the Mliddl. 
of the Angle as at e: meaſuring the Diſtances ce 
and ed; and theſe may be placed for the Angle in 
the Field-Book. Thus, 


No. Sta. Angle. Dift. 
EL. EE 
2 | 
1 1.09 17.65 
For when an Angle is very obtuſe, the Chord 
Line, as cd, will be nearly equal to the Radii Ac, 
and Ad; ſo if the Arc ced be ſwept, and the Chord 
Line cd be laid on it, it will be difficult to deter- 
mine exactly, that Point in the Arc where cd cuts 
it: But if the Angle be taken in two Parts as ce, 
and ed; fuch Chords may with Safety be laid on 
the Arc, and the Angle thence may be truly deter- 
mined and conſtructed, — 


After the ſame Manner any Piece of Ground 
may be ſurveyed by a Two-Pole Chain. 
PROB. IL 
To take a Survey of a Piece of Ground from 


any Point within it, from whence all the Angles can 
be ſeen; by the Chain only. 
Let 
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Plate VI. Vig. 6. 


Let a Mark be fixed at any Point in the Ground, 
as at H, from whence all the Angles can be ſeen; 
let the Meaſures of the Lines HA, HB, HC, Sc. 
be taken to every Angle of the Field from the Point 
H; and let thoſe be placed oppolite to No. 1, 2, 
3, 4, Sc. in the ſecond Column of Radii : The 
Meatures of the ' reſpective Lines of the Mearing, 
wiz. AB, BC, CD, DE, Sc. being placed in the 
third Column of Diſtances, will compleat the Field- 
Book, Thus, 
Remarks. = 12 W 5 = * 


TOE 1 | | 
1 


1 [20.00] 17.65 | 

2 |21.72} 18.50 | 

3 21.74 28.00 
4 25.34 20.0 

5 

6 


| 
| 


17.20] 14.03 
29.62] 19.41 | 
21.20 24-53 | 
Cloſe at the firſt Station. 


If any Line of the Field be inacceflible, as ſup- 
pole CD to be, then by Way of Proof that the 
Diſtance CD 1: true, let the Meaſure of the Angle 
CHD be taken by the Line co, with the Chain: If 
this Angle correſponds with its containing Sides, 
the Length of the Line DC is truly obtained, and 
the whole Work is truly taken. 
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Note, That in ſetting off an Angle it is neceſ- 
lary to uſe the largeſt Scale of Equal Parts, viz. 
* that 
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that of the Inch, which is diagonally divided into 
100 Parts, ia order that the Angle ſhould be ac- 
curately laid down; or if two Inches were thus 
divided for Angles, it would be the more exact; 


for it is by no Means neceſſary that the Angles 


ſhould be laid from the ſaid Scale with the ſtatio- 
nary Diſtances. 


PROB. III. 


To take a Survey by the Chain only, when all the 
Angles cannot be ſeen from one Point within. 


Plate VI. Fig. 7. 


Let the Ground to be ſurveyed be repreſented by 
I, 2, 3, 4, Sc. Since all the Angles cannot be ſeen 
from one Point, let us aſſume 3 Points as A, B, C, 
from whence they may be ſcen; at cach of which 
let a Mark be put, and the reſpective Sides of the 
Triangle be meaſured and ſet down in the Field- 
Book; let the Diftances from A to 1, and from E 
to 1, be meaſured, and theſe will determine the 
Point 1; let the other Lines which flow from A, B, 
C, as well as the Circuit of the Ground, be ther 
meaſured as the Figure directs; and thence the 
Map may be eaſily conſtructed. 


There are other Methods may be uſed ; as di- 


viding the Ground into Triangles, and meaſuring, 


the 3 Sides of each; or by meaſuring the Baſe and 
Perpendicular of each Triangle. But this we ſha!! 
ſpeak of hereafter 


PROSE. 


| 
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PRO g. IV. 
How to take any inacceſſible Diſtence, by che Chain only. 
Plate VIII. Fig, 8. 


Suppoſe AB to be the Breadth of a River, or any 
other inacceſſible Diſtance, which may be required, 


Let a Staff or any other Object be ſet at B. 
draw yourſelf backward to any convenient Diftance 
C, fo that B may cover A: From B, lay off any 
other Diſtance by the River's Side to E, and com- 
pleat the Parallelogram EBCD: Stand at D, and 
cauſe a Mark to be ſet at F, in the Direction of 
A; meaſure the Diſtance in Links from E to F, 


| and FB will be alſo given, Wherefore EF: ED 


:: FB: AB. Since it's plain (from Part 2. Theo. 
. Sect. 1, and Theo. 2. Sect. 1.) the Triangles 
FED, BFA, are mutually equi-angular. 


If Part of the Chain be drawn from B to C, and 
the other Part from B to E; and if the Ends at E 
and C be kept faſt, it will be eaſy to turn the Chain 
over to D, ſo as to compleat a Parallelogram; by 
reckoning off the ſame Number of Links you had 
in BC, from E to D, and pulling each Part ftreight. 
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OF THE 


CIRCUMFERENTOR. 


1HIS Inſtrument is compoſed of a Brafs cir- 
cular Box, about five or fix Inches in Diame- 


ter; within which is a Braſs Ring, divided on the 


Top into 360 Degrees, and numbered 10, 20, 30, 
Sc. to 360: In the Center of the Box is fixed z 
Steel Pin finely pointed, called a Center-pin, on 
which is placed a Needle touched by a Loadſtone, 
which always retains the ſame Situation, that is, it 
always points to the North and South Points of the 


Horizon nearly, when the Inftrument is horizontal, 
and the Needle at reſt. 


The Box is covered with a Glaſs I .id, in a Brais 
Rimi, to prevent the Needle being diſturbed by 
Wind or Rain, at the Time of St urveying : There 
is alſo a Braſs Id. or Cover, which is laid over 
the former tu preſerve the Glais 12 carry ing the In- 
itrument. 


This Box is fixed, by Screws, to a Braſs Index, 
or Ruler, of about 14 or 15 Inches in Length, to 
the Ends whereof are fixed Braſs Sights, which arc 
ſcrewed to the Index, ard ſtand perpendicular 
thereto : In each Sight 1s a large and a ſmall Aper- 
ture, or Slit, one over the other; but theſe are 
changed, that is, if the large Aperture be uppermo!: 


' 
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in the one Sight it will be loweſt iu the other, and 


zo of the {mall ones: Therefore the ſmall Aperture 


in one is oppoſite to the large one in the other; in 
the Middle of which laſt, there is placed a Horle- 
hair, or tine Silk Thread. 


The Inſtrument is then fixed on a Ball and Sock- 
et; by the Help of which and a Screw, you can rea- 
dily fix it horizontally in any given Direction; the 
Socket being fixed on the Head of a three - legged 
Staff, whoſe Legs when extended — the Inſtru- 
ment, whilſt it is uſed. 


How to take Field-Notes by the Circ umferentor. 
Plate VI. Fig. 6. 


Let your Inſtrument be fixed at any Angle as à, 
your firſt Station; and let a Perſon ſtand at the next 
Angle B, or cauſe a Staff, with a white Sheet to 
be tet there perpendicularly for an Object to tak: 
your View to: Then having placed your Iuſtrument 
horizontal (which is eaſily done oy turning the 


Box fo, that the Ends of the Needle may be equi- 


diſtant from its Bottom, and it traverſes or plays 
freely) turn the Ilouer-de-Luce or North Part of 


the Box to your Eye, and looking through the 


{mall Aperture, turn the Index about, "will „ou cut 
the Perſon or object in the next Angle B, with 


the Horte hair or Thread of the oppolite Sight: 


The Degrees then cut by the South End of the 
Needle, will give the Number to be placed in the 
ſecond Column of your Field-Book 13 a Line with 
Station, No. 1, and expreſſes the Number of De- 


grees the ſtationary Line is from the North, counting 
juite round with the Sun. 


Moſt 
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Moſt Ncedles are pointed at the South End, and 
have a ſmall Ring at the North : Such Needles are 
better than thoſe which are pointed at each End, be- 
cauſe the Surveyor cannot miſtake by counting to a 
wrong End, which Error may be frequently commit- 
ted, in uling a two- pointed Needle. 


Two- pointed Needles have ſometimes a Ring, 
but more uſually a Croſs towards the North End; 
and the South Ead is gencrally bearded towards its 
Extremity, and ſometimes not, but its Arm is a 
naked right Line from the Cap at the Center. 


Having taken the Degrees or Bearing of the 
firſt ſtationary Line AB, let the Line be mea- 
fured, and the Length thereof in Cnains and 
Links be inſerted in the third Column of your 
Field-Book, under the Title of Diſtances, op- 
police to Station, No. 1. 


It is cuſtomary, and even neceſſary, to cauſe a Sod 
to be dug up at each Station, or Place where you fix 
the Inſtrument; to the end, that if any Error ſhould 
artſe in the F jeld-Pook, it may be the more readily 
adjuſted and corrected, by trying over the former 
Bearings and ſtationary Diſtances. 


Having done with your firſt Station, ſet the In- 
ſtrument over the Hole or Spot where your Object 
ſtood, as at B, for your ſecond Station, and ſend 
him forward to the next Angle of the Field, as at 
C; and having placed the Inſtrument in an hori- 
zonral Direction, with the Sights directed to the 

2 at C, and the North of the Bex next your 
Eye, count your Degrees to the South End of the 
Needle, which regiſter | in your Field-Book, in the 
ſecond 
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fecond Column oppolite to Station, No. 2; 
then meaſure the ſtationary Diſtance BC, which 
inſert in the third Column, and thus proceed 
from Angle to Angle, ſending your Ohject before 
you, *till you return to the Place where you began, 
and you will have the Field-Book compleat; obſer- 
ring always to hgnify the Parties Names who hold 
the contiguous Lands, and the Names of the 'Fown- 
Lands, Rivers, Roads, Bogs, Loughs or Lakes, Se. 
that mear the Land you ſurvey, as before; and 
this is the Manner of taking Field Notes by what 
are called Fore-Sights. 


But the Generality of Mea ſmen frequently ſer 
themſelves in diſadvantageous Places, fo as often to 
occaſion two or more Stations to be made, where one 
may do, which creates much Trouble and Loſs of 
Time: We will therefore ſhew how this may be re- 
medied, by taking of Back-Sights, thus : Let your 
Object ſtand at the Point where you begin your Sur- 
vey, as at A; leaving him there, proceed to your 
next Angle B, where fix your Inſtrument fo, that 
you may have the longeſt View poſſible towards C. 
Having ſer the Inſtrument in an horizontal Poſition, 
turn the South Part of the Box next your Eye, and 
having cut your Object at A, reckon the Degrees 
to the South Point of the Needle, which will be 
the ſame as if they were taken from the Ob- 
ject to the Inſtrument, the Direction of the Index 
being the ſame. Let the Degree be inſerted in 
the Field-Eook, and the ſtationary Diſtance be 
meaſured and annexed thereto, in its proper Co- 
lumn; and thus proceed from Station to Station, 
leaving your Object in the laſt Point you left, 'til! 
vou return to the firſt Station A, 


By 
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By this Method your Stations are laid out to the 
beſt Advantage, and two Men may do the Buſineſ; 
of three, for one of thoſe who chain may be your 
Object; but in Fore-Sights, you muſt have an 
Object before you, belts two Chainmen. 


It was faid before, that a Surveyor ſhould have a 
Perton with him to carry the hinder End of the 
Chain, on whom he can depend: This Perſon ſhould 
be expert and ready at taking Off-(cts, as well as ex- 
act in giving a faithful Return of the Length Of eve- 
ry ſtationary Line. One who has ſuch a Perion, and 
who uſes Back-Sights, will be able to go over near 
double the Ground he could at the fame Time, by 
taking Fore-Sights. Bat if a Surveyor has no ſuch 
Perſon on whom he can with Safety depend, ke muſt 
take Fore-Sights, becauſe of overſeeing the Chain- 
ing; for ſhould he take Back-Sights, he muſt be 
obliged, after taking his Degree, to go back to the 
foregoing Station, to overſee the Chaining, and by 
this Means to walk three Times over every Line, 

which is a Slavery not to be borne. 


Or a Back and a Fore-Sighi may be taken at 
one Station, thus; with the South of the Box to 
your Eye, obſerve from B the Object A, and ſet 
down the Degree in your Field-Book, cut by the 
South End of the Needle. Again, from B obſerve 
an Object at C, with the North of the Box to your 
Eye, and ſet down the Degree cut by the South 
Point of the Needle, fo have you the Bearings of 
the Lines AB and BC, you may then ſet up your 
lnſtrument at D, from whence take a Back-Sight 
to C, anda Fore- Sight to E; thus the Bearings 
may be taken quite round, and the ſtationary Diſ- 


tances being annexed to them, will compleat the 


Ie eld- Book. 
But 
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it in this laſt Method, Care muſt be taken to 
fe that the Sights have not the leaſt Caſt on either 
Side; if they have, it will deſtroy all: And yet 
with the ſame Sights you may take a Survey 
by Forc-Sights, or by Back-Sights only, with as 
reat Truth as if the Sights were ever fo erect, pro- 
vided the ſame Caſt continues without any Altera- 
tion: But upon the whole, Back-Sights only will be 
found the readieſt Method. | 


If your Needle be pointed at eaci End, in taking 
Fore- Sights, you may turn the North Part of the 
Box to your Eyc, and count your Degrees to the 
South Part of the Needle, as before, or you may 
turn the South of the Box to your Eye, and count 
your Degrees to the North End of the Needle. 


But in Back-Sights you may turn the North of 

the Box to your Eye, and count your Degrees to 

I the North Point of the Needle; or you may turn 

1 the South of the Box to your Eye, and count your 
| Degrees to the South End of the Needle. 


The Braſs Ring in the Box is divided on the 
| Side into 360 Degrees, thus; irom the North to 
. the Eaſt into go, from the North to the Weſt into 

90, from the South to the Eaſt into go, and from 
che South to the Weſt into go Degrees; ſo the 
Degrees are numbered from the North to the Eaft 
1 * — and from the South to the Eaſt or 
3 Welt. 


4 The Manner of uſing this Part of the Inſtrument 
1 is this: Having directed your Sights to the Object, 
IF whether Fore or Back, as before; obſerve the two 
Cardinal Points of your Compaſs the Point of the 

X Needle 
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Needle lies between, (the North, South, Eaſt and 
Weſt being called the four Cardinal Points, and are 
graved on the Bottom of the Box,) putting down 
thoſe Points together by their initial Letters, aut 
thereto annexing the Number of Degrees, counting 
from the North or South, as before, thus: if the 
Point of your Needle lies between the North and 
Eaft, North and Weſt, South and Eaſt, or South 
and Welt Points in the Bottom of the Box, then 
put down NE, NW, SE, or SW, annexing there- 
to the Number of Degrees cut by the Nedle on the 
Side of the Ring, counting from the Ncrth or 


South, as before. 


But if the Needle points exactly to the North, 
South, Eaſt, or Weſt, you are then to write down 
N, 8, E, or W, without annexing any Degree. 


This is the Manner of taking Ficld Notes, where- 
by the Content of Ground may be univerſally deter- 
mined by Calculation; and they are ſaid to be 
taken by the Quarter'd Compats, Or by the four 


 Ninetics 


75 Fon the Number f Degrees, conatned in any given 
Aus le. 


Set up your Inſtrument at the Angular Point, 
and thence direct the Sights along each Leg of the 
Angle, and note down their reſpective Bearings as 
before; the Differenc2 of theſe Bearings, if lets 
than 180, will be the Quantity of Degrees contain- 
ed in the given Angle; but if more, take it from 
360, and the Remainder will be the Degrees con- 
taincd in the given Angle. 

| OF 


OF-THE 


THRODOLITSKE 


HIS Inſtrument 1s a Circle, commonly of. 

Braſs, of ten er twelve Inches in Diameter, 
whoſe Limb is divided into 360 Degrees, and thote 
again are ſubdivided into Imaller Parts as the Mag - 
nitude of it will admit; tomctimes by cqual Divi- 
ſons, and ſometimes by Diagonals, drawn from one 
concentric Circle of the Limb to another. 


In the Middle 1s fixed a Circumferentor, with a 
Needle; but this is of little or no Ule, except in 
finding a Meridian Line, or the proper Situation of 
the Land. 


Over the Braſs Circle is a Pair of Sights, fixed to 
2 moveable Index, which turns on the Center ot 
the Inftrument, and upon which the Ci reumferents: Ji 
Box | is placed. 


This Inſtrument will either give the Angles oi 
the Field. or the Bearing of every ſtationary Dit- 
tance Line, from the Meridian; as the Cucuune 
rentor and Quartered Compals do. 


Firſt then, 77% take the Angles of 1s in 


ay the Ends of your Index to 6, ard 18; 
2 park 
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turn the whole about with the 360 from you, direc; 
the Sights from A to G, and tcrew the Inftrumen: 
faſt ; direct them from A, to cut the Object at B; 

the Degree then cut by that End of the Index 
which is oppoſite to you, will be the Quantity of 
the Angle GAB. to place in your Field-Book ; ta 
which annex the Meaſure of the Line AR, in 
Chains and Links: Set up your Iaſtrument at B, 
unſcrew it, and lay the Ends of your Index to 360, 
and 180; turn the whole about with the 360 from 
vu, Or 180 next you, till you cut the Objcct at 
A: ſcrew the Inſtrument faft, and direct your 
Jig ts to the Object at C, and the Degree then cut 
by tliat End of the I: dex which is cppolite to youu, 
will be the uantity of the Angle ABC. Thus 
proceed from Station to Station, ſtill laying the 
ladex to 360, turning it from you, and obſerving 
he Object at the foregoing Station, ſcrewing the 
Inftrument faſt, and obſerving the Object at the 
following Station, and counting the Degrees to the 
"ppolite End of the Index, will give you the Quan- 
Aty of cach retpective Angle. 


J. E N A A 


17 9 


i er Ang ies of any Polygon, are equal to twice 


as many Rig t- Angles as there are Sides leſs by four. 
Thus, all the Augles 1 2 gp F. G, arc 
gal lo leine as many Rig ht-Angles, as there art 
Stavs in the Figure, leſs by four. 


Plate VI. Fig. 6. 


Let the Polygon be diſpoſed into Triangles, by 


Lines drawn from any afhgned Point H within it, 
«a3 by the Lines HA, HB, HC, Sc. It is evident 


then 
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chen (by Theo 5. Sect 1.) that the three Angles 


of each Triangle are equal to two right; and con- 
quently, that the Angles in all the Triangles, 
are twice as many right ones as there are Sides: 
But ail the Angles about the Point H, are e- 


qual to four richt (by Cor. 2. Theo. 1. Sock 103 


therefore the remaining Angles are equal to twice 
15 many right ones as there. are Sides iy the F:- 
our, abating four Q. E. D 


SCHOI.LUNL 


Ficr.co we may know if the Angles of a Survey be 
"uy taken: For it their Sum be equal to twice as 
mar Right: Angles, as there are Stations, abatin:” 
Hur Righr-Angles, you may conclude that the An- 
ges vere truly taken, otherwite not. 


If you take the Bearing of any Line with the 
Circuraferentor, that Bearing will be the Number 
f Degrees the Linc is from the North; contequent- 
ly the North muſt bc a like Number of Degrees 
from the Line, and thus the North, and of courſe 
the Sr wth, as well as the Eaſt and W clt, or the Si- 
ation of the La nd, is Ohtained. 


Secondly, 77 take the Loaring of each reſ per- 
ive Line from the Meridian; or 19 perform the 
Office of the Circunyerentsr, Quas ſer d Com: 
puſs, by the Theodalite. 


Set your laftrument at the firſt Station, and i 
the Index to 360 and 180, with the T e . ee 
of the Box next the 360; unſcrew the Inftrument, 
and turn the whole about, til the North and Soutir 
Points of the Needle cut the North and South Points 
in the Box; then ſcrew it ſaſt, ſo is the Inſtrument 
Nor tin, 
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North, and South, _ abſtracted of the Var 
ation. 


The Circumferentn Box may be then taken off, 


Direct the Sights to the Olyoct at the ſecond 

Station, and the Degree cut by the oppolſite 
End of the Index will be the Bearing of that 
Line from the North, and the tame that the 
Circumfercitor would give. 


After havin '3 mcalurcd the ſtattonary Diſtance, 
ſet up your Iſtrumcnt at the fccond Station; un— 
ſcrew it, and fot either End ef, the Index to 
the Degrec at the laſt Line, and turning the whole 
about with that Degree towards you, direct your 
Sights an Ohject at the foregoing Station, and 


* ny + * 
%- 


crew the Inſtrument faſt; it will then be paral- 
ict to its former Situation, and coniequently 
North and South: Direct then your Sights to 
an Object at the following Station, and the De- 
gre: cw by the oppolite End of the Index, will 
be tnc Bearing of that Line. 


Ls 


In ke Manner vou ma Ly proceed throcgh the whole. 


I this Brais Sie be divided into four Nineties, 
From 360 and 180, and the Letters N, S, E, W. 
be aps lied tw them; the Bearings may be obtain- 

0 e putting Gow the Letters the far or oppoſite 

. hol the index lies between, and anrexing there- 
% the Degrees from the Nor S; and this is the 
Kane as the Quaziter'd Compals. 


[i vou keep the Compaſs Box on, to ſee the 
mutual Agreement of the two Inſtruments; after 


nab ing Axa inc Theodolite North and South, as 
Do before, 
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before; turn the Index about with the North End, 
or Hywer- de- I. er, next your Eye, and count the 
Degree to the oppoſite, or South End of the Index. 
and this will correſpond with the Degree cut by the 
South End of the Needie. 


At the Si or next Station, mnterew the lu 
ſtrument, and ſet the South of the Index to the De- 
gree of the laſt Station; turn the whole about, with 
dhe South of the Index. to you, and cent the Olycck 
at the foregoing Station; ſcrew the luſtrument 
faſt, and with the Nortn of the Index to you, cnt 
the Object at the next following Statiwn, the Degree 


then cut by the South of the Index will corre f. 


pond with the Degree cut by the South End of the 
Needie, and fo through the whole. 


Some Theodolites have a ſtanding Pair of Sights 
fixed at 360 and 180, beſides tho on the move- 
able Index: If you would ute both, look thro' 
the ſtanding Sights, with the 180 next vou, to 
an Object at the foregoing Station; rewe the 
Inftrument faſt, and direct the upper Sights on 
the moveable Index, to the Object at the follow- 
ing Station, and the Degree cut by the oppoſite 
End of the Index, will give vor the Quantity a1 the 
Angle of the Field. 


Two Pair of Sights can be of ny Ute in frag 
the Angles frum the Meridian; and walnuch as ons 
Pair is fufficient to find the Angles uf the Field, he 
ſecomd can be of no Vic: Belides, then bit: ust 
the free Motion of the mov cable Index, àandethets- 
fore are rather an Iuciunbrance than of any ra! 
Ute. Some will have it, that they are wie ful with it. 
others, for ſetting oft a right Angle, in taking un 


Odt-ict; and furcly this t as cal perfornied by 
875 
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the one Pair on the moveable Index : Thus, if Yor 
lay the Index to 360, and 180, and cut the Obycct 
either in the laſt or following Station, ſcrew the In- 
ſtrument faſt, and turn the Index to go and 270, and 
then it will be at Ri ght Angles with the L.ine. So 
that the {mall Sights, or thoſe to the Circle, can be 
of no additional Uſe to the Inſtrument, and there- 
fore ſhouid be laid aſide as uſcleſs. 


This Inſtrument may be uſed in windy and rainy 
Weather, as well as in mountainous and hilly 
Grounds for it does not require an horizonta! Poſi- 
tion to find the Bearing, or Angle, as the Needle 
doth ; and therefore is preferable to any Inſtrument 
that is governed by the Needle. 


Mr. Gabriel Stokes, formerly Mathematical Inſtru- 
ment Maker, and Surveyor of Land, in Effex-Street 
Dublin. Has contrived a ſmall Inſtrument of this 
Nature, about fix or ſeven Inches Diameter, 
which is accurately divided, and is much more por- 
table than a Theodolite, which he calls a Pantometron: 
Which may be had uppon application to Mr. Thos. 
Reading, Mathematical Inſtrument maker and Sur 
veyor of Land, who ſerved his time to the 1aid 
Mr. Stokes, at preſent dwelling in Georges Lane, neu 
Siepherns ; Street, D: bir. 
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Of the SEMICIRCLE. 


HIS Inftrument, as its Name imports, is a 

half Circle, divided from its Diameter into 
180 Degrees, and from thence again, that is, from 
o, to 360: It is generally made of Braſs, and is 
from 8 to 16 Inches Diameter. | 


9 
1 
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On the Center there is a moveable Index with 
Sights, on which is placed a Circumferentor-Box, 
as in the Theodolite. 


” * 3 — 7 a 
12 — Ae —— wo 
N b 3 


This Inſtrument may be uſed as the Theodolite 
in all Reſpects; but with this Difference, when you 
are to reckon the Degree to that End of the Index 
which is off of the Semicircle, you may find it at 
the other End, reckoning the Degree from 180 


forwards. 
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Of the PLANE TABLE. 


Plans TABLE is ar. Oblong of Oak, or other 
Wood, about 15 Inches long, and 12 broad; 
they are generally compoſed of 3 Boards, which are 
eaſily taken aſunder, or put together, for the Con- 

veniency of Carriage. 


There is a Box Frame, with 6 Joints in it, to 
take off and put on as Occaſion ſerves; it keeps the 
Table together, and is lixewiſe of Ute to keep down 
a Sheet of Paper which is put thereon. 


The Outſide of the Frame is div. ded into Inches 

and Tenths, which terve for ruliag Parallels or 

Squares on the Paper, or for thiſting it, when Oc- 
caſion ſerves. 


— — — — 


The laſide of the Frame is divided into 360 De- 
grees, which, tho* unequal on it, yet are the De- 
grees of a Circle produced from its Center, or Cen- 
ter of the Table, where there is a ſmall Hole. 
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The Degrees are ſubdivided as ſmall as their 
Diſtance will admit; at every tenth Degree are two 
Numbers, one the Number of Degrees, the other 
its Complement to 369. 


There is another Center Hole, about 3 of the 
Table's Breadth from one Edge, and is in the Mid- 
dle between the two Ends. To this Center Hole 
on the other Sid: of the Frame, there are the Divi- 
ſions of a Semicircle, or 180 Degrees; and theſe 
again are ſubdivided into Halfs, or Quarters, as 

the Size of the Inſtrument will admit. OY 
8 0 
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That Side of the Frame on which the 360 De- 


grees are, ſupplies the Place of a Thecdolite, the 
other that of a Semncircle, 


There is a Circurnf<rentor Box of Wood, with a 
Paper Chart at the Bottom, applied to one Side of 
the Table by a Dove-tail Joint, faſtened by a Screw. 
This Box (beſides its rendering the Plane Table ca- 
pable of anſwering the End of a Circumferentor) 
is very uſcſul for placing the Inſtrument in the 
ſame Poſition every Remove. 


There is a Braſs Ruler or Index, of about two 
Inches broad, with a ſharp or fiducial Edge, at each 
End of winch is a Sight: On the Ruler are Scales 
of equal Parts, with and without Diagonals, and a 
Scale of Chords; the whole is fixed on a Ball and 
Socket, and ſet on the three legged Staff. 


1. To take the Angles of the Field by the Table. 


Having placed the Inſtrument at the firſt Station, 
turn it about 'till the North End of the Needle be 
over the Meridian, or Fl:wwer-de-Zuce of the Box, 
and there ſcrew ut fait. Aſſign any convenient 
Point, to which apply the Edge of the Index, fo 
as thro the Sights you may ſee the Object in the 
laſt Station, and by the Edge of the Index from the 
Point draw a Line. Again, turn about the Index 


with its Edge to the tame Point, and thro' the 


Sights obferve the Object in the ſecond Station, and 


from the Point, by the Edge of the Index, draw 
another Line; ſo is the Angle laid down: On that 


laſt Line ſet off the Diſtance to the ſecond Station, 
in Chains and Links: Apply your Inſtrument to the 


ſecond Station, taking the Angle as before; and 


after the like Manner proceed till the whole is 


finiſhed, 
Y 2 Tbi⸗ 
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Ot the PLANE TABLE. 


This Method may be uſed in good Weather, it 
the Needle be well touched and plays freely ; but 
if it be in windy Weather, or the Needle out of Or- 
der, it is better, after having taken the firſt Angle 
as before, and having removed your Inſtrument to 
the ſecond Station, and placed the Needle over the 
Meridian Line as before, to lay the Index on the laſt 
drawn Line, and look backward thro” the Sights; if 
you then fee the Object in the firſt Station, the 
Table is fixed riglit, and the Needle is true; if nut, 
turn the Table about, the Index lying on the laſt 
Line, till thro' the Sights you fee the Object in 
the firſt Station; and then ſcrew it faſt, and keeping 
the Edge of the Index to the ſecond Station, direct 
vour Sights to the next; draw a Line by the Edge 
of the Index, and lay off the next Line; and pro- 
cecd to thro' the whole without uſing the Necdee, 
as you do with the T heodoltte. 


(04 


If the Sheet of Paper on the Table be not large 
enough to contain the Map of the Ground you 
turvey, you muſt put on a clean Sheet, when the 
other is full; and this is called Shifting of Paper, 
and 1s thus performed. 


Plate VI. Fig, 8. 


Let ABCD repreſent the Sheet of Paper on the 
Plane Table, upon which the Plot E, F, G, H, I, 
K, L, M, is to be drawn; let the firſt Station be 
E, proc ed as before from thence to F, and to G; 
then proceeding to H, you find there is not Room 
on your Paper for the Line GH : However, draw 
as much of the Line GH, as the Paper can hold, 
or draw it to the Paper's Edge. Move your In- 
ſtrument back to the firſt Station E, and proceed 
the contrary Way to M, and to L; but in going 
rom 
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irom thence to K, you again find your Sheet won't 


hold it; however, draw as much of the Line LK 


on the Sheet, as it can hold. 


Take that Sheet off the Table, firſt obſerving 
the Diſtance oo of the Lines GH, and LK, by the 
Edge of the Table ; take off that Sheet, and mark 
it with No. 1, to ſignify it to be the firſt taken off. 
Having then put on another Sheet, lay that Diſtance 
29 on the contrary End of the Table, and ſo pro- 
ceed as before with the Reſidue of the Survey, 
from o to H, to K, and thence to o; ſo is your 
Survey compleat. | 


In the like Manner you may proceed to take off, 
and put on, as many Sheets as are convenient; and 
theſe may afterwards be joined together with Mouth 
Glue, or fine white Water very thin. 


If the Index be fixed to the firſt Center, ufing 
the 360 Side, it will then ſerve as a Theodolite, 
and when to the ſecogd Center, uſing the 1 80 Side, 


it will ſerve as a Senfeircle ; by either of which you 
may turvey in rainy Weather, when you can't have 


Paper on the Table. 
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To take an Angle of Altitude by the 
Circumferentor, Theodolite, Semi- 
circle, or Plane Table. 


1. To take an Angl: of Altitude, by the 


Circumferentor. 


E T the Glaſs Lid be taken off, and let the In- 

itrument be turned on one Side, with the 
Stem of the Ball into the Notch of the Socket, ſo 
that the Circle may be perpendicular to the Flane 
of the Horizon; let the Inſtrument be placed in 
this Situation before the Object, fo that the Top 
thereof may be fecn thro” the Sights: Let a Plum- 
met be ſuſpended from the Center Pin, and the 
Obyect being then obſerved, the Complement of the 
Number of Degrees, comprehended between the 
Thread of the Plummer, and that Part of the In- 
ſtrument which is next your Eye, will give the Au- 
gle of Aititude required. 


2. If an Angie of Altitude is to be taken by 
the Theodolite, or Semicircle, let a Thread be run 
thro' a Hole at the Center, and a Plummet be fut- 
pended by it; turn the Inſtrument on one Side, 
by the Help of the Bal! and Notch in the Sockee 
for that Purpoſe, ſo that the Thread may cut go, 
having 360 Degrees next you: Screw it faſt in that 
Poſition, and thro” the Sights cut the Top of the 
Objects; 
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Odzects; and the Degrees then cut by the End 
of = Index next yGu, are the Degrees of Ele- 


vation required. An — of Depreſſion is 
taken the contrary Way. 


By the Plane Table an Angle of Altitude is 
taken in the like Manner, by ſuſpending a Plum- 
met from the Center thereof, having turned 
the Table on one Side, and fix'd the Index to the 
Center by a Screw, fo as to move freely, let the 
Thread cut go, look thro? the Sights as before, and 
you have the Angle of Elevation, and on the con- 
trary that of „ 


4 
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OF THE 


PROTRACTOR 


II E Protractor is a Semicircle annex'd to a 
Scale, and is made of Braſs, ive.ry, or Horn; 
its Diameter is generally about five or ſix Inches, 


The Semicirele contains three concentric Semicir- 
cles, at tuch Diſtances from each other, that the Spa- 
ces between them may contain Figures. 


'The outward Circle is numbered from the Right 
to the left Hand, with 10, 20, 30, Sc. to 180 
Degrees; the midalemoit the fame Way, from 
180, to 360 Degrecs; and the innermutt, from the 
upper Ecige of the Scale both ways, from 10, 20, 
I, Sc. is 90 Degrees. 


It is eafy to conceive that the Protractor, tho a 
Semicircle, may be made to ſupply the Place of 
a whole Circle; for if a Line be drawn, and the 
Center-hole of the Pi- actor be laid on any Point 
in that Line, the uy pr Edge of the Scale correſ- 
ponding with that Lune, the Diviſions on the Edge 
of the Semiciicle will run from o, to 180, from 
Right to Left: Again, if it be turned the 
other Wa ay, or downwards, keeping the Center- 
hole thereof on the aforeſaid Point in the Line, 
tnen the Diviſions will run from 180 to 360, 
and 
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and ſo compleats an entire Circle with the former 
Semicircle. 


The Uſe of the Protractor is to lay off Angles, 
and to delineate or draw a Map, or Plan, of any 
Ground from the Field- Notes; and is performed in 
the following Manner. 


T9 protratl a Field-Book, when the EY are 14 
from the Meridian. 


Plate VI. Fig. 9. 


On your Paper, rule Lines parallel to each other, 
at an Inch aſunder, (being moſt uſuah or at any 
other convenient Diſtance; on the left End of the 
Parallels put N, for North, and on the right 8, 
tor South; put E at the Top for Eaft, and W at 
the Bottom of your Paper for Weſt. 


Then let the following Field Book be that which 
is to be protracted, the Bearings being taken from 
the Meridian, whether by a Circumferentor, Theo- 
dolite, or Semicircle, and meaſured with a Two- 
Pole Chain. 


No.] Bearing, | C. I. 


| 
2835 55.20 | 
22484 12.36 


317 129 20 
| 55.20 
193 4000 | 
[324 1 7600 {| 
BE EH. 


Clote at the futt dtation, 
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Pitch upon any convenient Point on your Paper, 
for your firit Station, as at 1, on which lay the 
Center-hole of your Protractor, with a Protracting- 


Pin; then if the Degrees be leſs than 180, turn 


the Arc of your Protractor downwards, or towards 


the Weſt; but if more than 180, upwards, OF to- 
wards the Eaſt. 


Or if the Right-Hand be made the North, 
the Left the South, the Welt will betten up, 
the Eaſt down. 


In this Cate, if the Degrees be lets than 180, 
turn the Arc of your Protractor upwards, or to- 
wards the Weſt; and if more, downwards, or 10 


the Eatt. 


By the foregoing F::ld-B>uk, the firſt Bearing is 
283z; turn the Arc of your Protractor upwards, 
ke-ping the Pin in the Center-nole, move the Pro- 
tractor ſo that the Parallel Linss may cut oppoſite 
Diviſions, either Ga the Euds of the Scale, or on 
the Degrecs, and then it is parallel. This muſt be 
always firſt done, before you lay off your Degrees. 


Then by the Edge of the Semicircle keeping the 
Protractor ſteacy, with the Pin prick the firſt Brar- 
ing 2834, and from the Center Point, thro' that 
Point or Prick, draw a blank Line with the Pin, on 
which from a Scale of equal Parts, or from the 
Scale's Edge of tne Protractor, lay off the Diſtance 
55C. 2ol.. tv is that Station protracted. 


It 
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At the End of ihe firſt Station, or at 2, which 
is the Beginning of the fecond, with the Pin place 
the Center of the Protractor, turning the Arc up, 
becauſe the Bearing of the ſecond Station is more 
than 180, viz. 3483. Place your Protractor paral- 
lel as before, and by the Edge of the Semicircle, 
with the Pin prick at that Degree. thro' which and 
the End of the foreg::1ng Station, draw a blank 
Line, and on it fet the Diſtance of that Station. 


In the like Manner proceed thro' the whole, on! 
obterve to turn the Arc of your Protractor dow 1, 
when te Degrees are leis than 180. 

If you lay off the ſtationary Dittances i»; thc 
Edge of the Protractor, it is neceilary to oM{.rve. 
that if your Map is to be laid down by a Scale of 
40 Perches to an Inch, every Diviſion on the Pra- 
tractor's Edge will be one Two-Pole Chain; + a 
Diviſion will be 25 Links, and + of a Diviſion will 
be 12z Links, 


If your Map is to be laid down by a Scale cf 20 
Perches to an Inch, two Diviſions will be ond 
i wo-Pole Chain; one Diviſion will be 25 Links; 
a Diviſion x2: Links, and 4 of a Diviſion will 
e 64 Links. 


＋ 


In the general, if 25 Links be multiplied by tue 
Number of Perches to an Inch, the Map is io he 
Ia down by, and the Product be divided by 20: 
er wiich is the fame Thing, if you cut off conc 
and take the half,) you will have the Value of one 


— on on ine Protractor's Edge, in Links and 
arte. 
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To protrac a Field-Book, taken by the Angles of the 
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EXAMPLE. 


1. How many Links in a Diviſion, if a Map be 
laid down by a Scale of 8 Perches to an Inch? 


25 
8 


25% 205 


10 Links. Anſwer. 


2. How many Links in a Diviſion, if a Map bk: 
laid down by a Scale of 19 Perches to an Inch? 


25 
10 


200 280 


12.5 or 122 Links. Anſwer, 
And fo of any other. | 


Field. 


Note, We here ſuppoſe the Land ſurveyed is 
kept on the right Hand as you ſurvey. 


Draw a blank Line with a Ruler of a Length 
greater than the Diameter of the Protractor ; pitch 
upon any convenient Point therein, to which apply 
the Center-hole of your Protractor with your Pin, 
turning the Arc upwards if the Angle be leſs than 
180, and downwards if more; ard obſerve to keep 
che upper Edge of the Scale, or 180 and o Degrees 


Li PO). 
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upon the Line: Then prick off the Number of De- 
grees contained in the given Angle, and draw a 
Line from the firſt Point through the Point at the 
Degrees; upon which lay the ſtationary Diſtance. 


Let this Line be lengthened forwards and backwards, 


keeping your firſt Station to the Right, and ſecond 
to the Left; and lay the Center of your Protractor 
over the ſecond Station, with your Pin, turning the 
Arc upwards, if the Angle be leſs than 180, and 
downwards, if more; and keeping the 180 and o 
Degrees on the Line, prick off the Number of De- 
grees contained in the given Angle, and thro' that 
Point and the laſt Station draw a Line, on which 
lay the ſtationary Diſtance; And in like Manner 
proceed through the whole. 


In all Protractions, if the End of the laſt Station 
falls exactly in the Point you begin at, the Field- 


Work and Protraction are truly taken, and perform- 


ed; if not, an Error muſt have been committed in 
one of them: In ſuch Caſe, make a ſecond Pro- 
traction; if tins agrees with the former, and nei- 
ther meet or clole, the Fault is in the Field- 
Work, and not in the Protraction : And then a 
Re-ſurvey muſt be taken, 
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Cuntainuns Hue wvarinnus MAlctinds by which 
the Areas of Right-lined Iirures may le 
determined, luꝰ of bib Were met; 


Ye! publiſhed. 
DEFINITION. 
| T* E Area or Content af any Plan: Surface 


in Perches, is the N umber of Square Pet- 
ches, that Surface contains. 


Plate VII. Fig, 


Let ABCD repretent 2 Rectangular Parallel;- 
Sram, Or Obiang : Let the Side AB, or DC, con- 
tam 8 equal Parts; and the Side AD, er BC, 
de of ſuch Parts : Let the Line AB be moved 

e Direction of AD, till it has come to EF; 

here Ak, or EF, the Diſtance of it from its firſt 
Situntion! may be equa] te one of the equal Paris. 
J «©; [05 6 IGERT, that the 8. nerated Oblong ABE, 
i CORMAIN as many Squares us the Side "AB con- 
2735 ena: Farts, which are 8; vach Square 


. 
9 -- * © *.. . 


having ror its. Side one of the i Paris, into 


nich AB, or AD, is dieided. Again, let AB 
move on "ttt it comes to GH, io as GE, or HF, 
be equal io AE, or BV; then it is plain tha: 


e Ob! ng AHB, will contain twice as man; 
Squarcs 
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Squares as the Side AB contains Equal Parts. After 
the ſame Manner it will appear, that the Oblong 
ADCB will contain three times as many Squarcs as 
the Side AB contains equal Parts; and in genera} 
that every Rectangular Parallelogram, whether 
Square or Oblong, contairs as many Squares as the 
Product of the Number of equal Parts in the Bate, 
multiplied into the Number of the ſame equal Parts 
in the Height, contains Units, cach Square having 
ſor its Side one of the equal Parts. | 


ience ariſes the Solution of the following 
Problems. 


FROM L 
To find the Content of a Square Piece of Grout. 
1. Multiply the Baſe in Perches, into the 


Perpendicular in Perches, (or ſquare the Baſe) the 
Product will be the Content in Perches; anc 


becauſe 160 Perches make an Acre, it mult 


thence follow, that 


Any Area, or Content in Perches, being divided 
by 160, will give the Content in Acres; the remain: 
ing Perches, if more than 40, being divided by 
40, will give the Roods, and the laſt Remain: 
der, if any, will be Perches. 


Or thus: 


2. Square the Side in Fou-Pole Chaius aud 
Links, and the Product will be ſquare Four -Pole 
Chains and Links; divide this by 10, or ciit off 
me more than the Decimals, which are {ive in all. 
l1om the Right towards the Let The Figures 

koeſlirg 
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reſting to the Left are Acres, becauſe 10 ſqquare 


Four-Pole Chains make an Acre, and the remaining 


Figures are Decimal Parts of an Acre. Multiply 
the five Figures to the Right by 4, cutting 5 
Figures from the Product, and if any Figure be 
to the Left of them, it is a Rood, or Roods; 
multiply the laſt cut off Figures by 40, cut- 
ting off five, or (which is the ſame thing) by 4, cut- 
ting off four; and the remaining Figures to the 
Left, if any, are Perches. 1 


1. The firſt Part is plain, from conſidering that a 
Piece of Ground in a ſquare Form, whoſe Side is a 
Perch, muſt contain a Perch of Ground; and that 
40 ſuch Perches make a Rood, or Stang, and four 
Rocds an Acre; or which is the ſame Thing, that 


160 ſquare Perches make an Acre, as before. 


2. A ſquare Four-Pole Chain (that is a Piece of 
Cround four Poles or Perches every Way) muſt con- 
tain 16 ſquare Perches; and ſince 160 Perches make 
an Acre, therefore 10 times 16 Perches, or 10 
ſquare Four-Pole Chains make an Acre. 


Note, that the Chains given, or required, 
any of the folloxzing Problems, are ſuppoſed 
Two-Pole Chains, that Chain being moſt commo- 
ly uſed in this Kingdom. 


EXAMPLE -. 
C. . 


Let ABCD de a ſquare Field, whoſe Side is 14 29 
demand the Content iv Acres 


By 


— 


1 — e 


* 


* 
7 

4 
1 


Zo find the Content of Ground. 


C. I. 
7 Problem 4. Section 3. 14.29, are equal to 
29.16 Perches. 
29.16 


17496 
2916 
26244 
5832 
„ A KR. P. 
160)850 3056(5. 1. 10. Content. 


4 > Rood 


10 Perches. 


Or thus: 


©. Ls 


C 
14.29 is equal to 7. — of Four-Pole Chains, by 


Prob. 1. Sect. $3 JP. 


6561 
1458 | A. R. P. 


5103 Cont, as before g. 1. 10. 


Acres 31441 
4 


Rood 1125764 
4 


Perches 103056 


it is required to lay down a Map of this Piecc 
of Ground, by a Scale of twenty Perches to an 
Inch. 


A 2 "Fake 
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178 To find the Content of Ground. 


Take 29.16 the Perches of the given Side, from 

the ſmall Diagonal on the common Surveying Scale, 
| where 20 ſmall, or two of the large Diviſions are 
an Inch; make a Square whoſe Side is that Length, 
(by Prob. 9. Sect. 1.) and it is done. 


PRO B. Il. 


To find the Side of a Square, whoſe Content 
is giuen. 


Extract the Square Root of the given Content 
in Perches, and you have the Side in Perches, and 
conſequently in Chains. 


EXT AMP LE. , 


tri is required to lay out a ſquare Piece of Ground 
which ſhall contain 12A. 3R. 16P. Required the 
Number of Chains in each Side of the Square; 
and to lay down a Map of it, by a Scale of 40 
Perches to an Inch. 


A. R. P. 
12. 3. 16 


4 
7 
40 | 
Cl 
2056(45. os Ped, which is 22. 332, by Prob. 
$5)4.56 [6. Sect. 3. 


— — — 


903) 3100 


———̃ — 


9064) 39100 


— aero 
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To draw the Map. 


From a Scale where 4 of the large, or 40 of the 
ſmall Diviſions are an Inch, take 45.34, the Per- 
ches of the Side, of which make a Square. 


PROB. III. 


To find the Content of an * Piece 
Ground. 


Multiply the Length by the Breadth, for the 
Content. 


EXAMPLE, 
Let ABCD be an oblong Piece of Ground, whoſc 


Length AB is 14C. 25L, and Breadth 8C. 37L. | 


demand the Content in Acres, and alſo to lay dowr 
a Map of it, by a Scale of 20 Perches to an Inch. 


Gs Perches. 


14.25=29.00 
$7 =174 483 By Prob. 4. Sect. 3 


160) 506- 920003. o. 27. Cantent. 


— . 


26 Perch, or near 27. 
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Or thus: 
4 Pole C. 
. 


1425 9.25 1 WT 
8.37 = =4.57) Py Prob. 1. Sect. z. 


Acres 316825 
4 


Rood j67300 
c : 


\ 


Perches 26/9200 


* — — — 


To draw the Map. 
Make an Ob blong (by Schol. to Prob. 9. Sect. f.) 


whoſe Length, from a Scale of 20 to an Inch, 
may be 20 Perchcs, and Breauth, 17.48 Perches. 


RO Z. N. 


The Content of an Oblong Pie ce of Ground, and 
one Cid given, to find the other. 


Divide the Content in Perches, by the given 
Side in Perches, the Quotient is the required Side 


70 berches; and the nc it may be eaſily reduced to 


5 mins. 
EXAMPLF. 


To find the Content of Ground. 181 


EXAMPLE, 


8 1 
here is a Ditch 14. 25 long, by the Side of 
which it is required to lay out an Oblong Piece of 
Ground, which ſhall contain 3A. OR. 29P: What 
Breadth mult be layed off at each End of the Ditch, 
to incloſe the 3A. OR. 27P? 


. 


O 
3 — . . 
29)507(17.48 = 8. 37 Breadth. 


217 


140 


240 
8 


The Map is done as the laſt, 


PROD. V. 
To find the Content of a Piece of Ground, in 
Form of an Obligue Angular Parallelagram; 
»r of a Rhombus, or Rhombaides. | 


Multiply the Baſe into the Perpendicular Height. 
The Reafon is plain from Theo. 13. Set. 1. 


EXAMPLE. 


132 To find the Content of Ground, 


EXAMPLE. 


Plate VII. Fig. 2. 


Let ABCD be a Piece of Ground in Form of 
a Rhombus, whoſe Baſe AB is 22 Chains, and 
Perpendicular DE, or FC, 20 Chains. Required 
the Content. 


NR. 
22=11.02 | Pole Chains. 


20=10,0 


— — 


Acres 110 


Or, 


. 


_ Bin my Perches. 


160)1760(11 Acres. 


160 


Tue Converſe of this is done by Prob. 4. and 
the Map is drawn, by laying of the Perpendicular 
on that Part of the Baſe from whence it was 
„ taken: Joining the Extremity thereof to that of 
1 the Baſe. by a Right Line, and thence compleat 
N ie Parallelogam. 


PRO B. 


To find the Content of Ground. 183 
P R O B. VI. 


To find the Content of a 7 — Piece of 
G; 4 


Multiply the Baſe by Half the Perpendicular, or 
the — by Half the Baſe; or take Half 
the Product of the Baſe into the Perpendicular. 


The Reaſon hereof is plain, from Cor. 2. Theo. 
12. Sect. 1. 


EXAMPLE, 


Plate I. Fig. 16. 


Let ABC be a Triangular Piece of Ground, whoſe 
longeſt Side or Baſe BC, is 24 C. 38 L. and Perpen- 
dicular AD, let fall from the oppoſite Angle, is 1 3 
C. 28L. | Required the Content. 


EL 44 
„ Baſe 24. 38=12- 36 , paje Chains 
1 Perp. 3. 3 


11142 
3714 
3714 


Acres 4119682 
4 

Rood 718728 
4© 


Perches 31)4912 


„ 
Content 4. O. 31. 
Perp. 


184 To find the Content of Ground. 


. | 
Perp. 13.28=6. 781 Four-Pole Chains, by Prob. 
z Perp. 6.39=3. 397 1. Set. 3. 


Or 2diy. Perp. 6.78 of Four-Pole Chains, 
= Baſe 6.19 
6102 
678 


4068 
—, R. P. 
4419682 2 4. o. 31. 


Or 3dly. Baſe 12.38 Four-Pole Chains. 
Perp. 6.78 


9904 
9666 
7428 
— — 
— — A. R. P. 
Its + 419682 = 4. o. 31. 


or the Baſe, and Perpendicular, may be 
reduced to Perches; and the Content may b. 
thence obtained thus ; 


7. Bale 


1, 


2. 
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C. L. Perches. 
Perp. 13.28 227.12 By Prob. 4. 
Half the Perp. 13.56 Seck. 3. 


— — — 


Perches. C. L. 
Baſe 49.52 2 24.38 
2 Perp. 13.56 


29712 
24760 
14856 


952 
k. — A. R. P. 


160) 671.491 204. 0. 31. 


——— 


3 
Perch. 
Perp. 27.12 
Half Baſe 24.76 
10272 
18984 
10848 


— any 


Lerman 


071.4912=4- O. 31. 


B b 


Required the Perpendicular, 


186 To find the Content of Ground. 


Perch, 
Baſe 49.52 
Perp. 27.12 


OI 


1 342.9824 
— —-— A. R. P. 
671.4912 24. o. 31. 


The Map may be readily drawn, having the 
Dittance from either End of the Baſe, to the Per- 
pendicular given; as may be evident from the Fr 
gure. 


PRO B. VI. 


The Content of a Triangular Piece of Ground, and 


the Baſe given, to find the Perpendicular. 
Divide the Content in Perches, by half the Baſe 


in Perches; and the Quotient will give you the 
Perpendicular in Perches, and ſo in Chains. 


EXAMPLES. 


Plate I. Fig. 16. 
Let EC be a Ditch, whoſe Length is 24C. 40L. 
by which it is required to lay out a Triangular Piece 
ok Ground, whoſe Content ſhall be 4A. 1R. 10P. 


Baſe 


To find the Content of Ground. 


c. L. Perch, 
Baſe 24.40=49.6 
Half the Baſe=24.8 


24.8)690(27-82 


1940 


Perch. C. L. 
Anſwer Perp. 27.82=1 3-45 


This Perpendicular being laid on any Part of the 
Baſe, and Lines run from its Extremity to the 
Ends of the Baſe, will lay out the Triangle (by 
Cor. to Theo. 1 3. Sect. 1.) fo that the Perpendicu- 
lar may be ſet on that Part of the Baſe, which is 
moſt convenient and agreeable to the Parties con- 
cerned. 9885 


B b 2 : 


188 To find the Content of Ground. 
LEMM A. 


If from half the Sum of the Sides of any Plane Tri- 
angle ABC, each particular Side be taten; and if 
the half Sum, and the three Remainders be multi- 
plied continually into each other, the Square Root of 
this Produtt will be the Area of the Triangle. 


Plate VIII. Fig. 9. 


Biſect any two of the Angles, as A and B, with 
the Lines AD, BD, meeting in D; draw the Per- 
pendiculars DE, DF, DG. 


The Triangle AFD is equiangular to AED; 
for the Angle FAD=EAD by Conſtruction, and 
AFD AED, being each a right Angle, and of 
Conſequence ADF ADE, wherefore AD: DF: 
AD: DE: And ſince AD bears the ſame Propor- 
tion to DF, that it doth to DE, DF DE, and 
the Triangle AFD=AED. The fame way DE= 
DG, and the Triangle DEB=DGB, and FD=DE 
DG; therefore D will be the Center of a Circle 
that will paſs through E, F, G. 


In the ſame Way if A ard C were biſected, the 
ſame Point D would be had; therefore a Line from 
D to C will biſect C, and thus the Triangles DFC 
DGC will be alſo equal. 


Produce CA to H, till AH=EB or GB; fo 
will HC be equal to half the Sum of the Sides, viz. 
to 4 AB, F+ AC ++ BC: For FC, FA, EB, arc 
ſeverally equal to CG, AE, BG; and all theſe to- 
gether are equal to the Sum of the Sides of the 
Triangle; therefore FC + FA + EB or CH, are 
equal i half the Sum of the Sides. NE 
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FC = CH—AB, for AF= AE, and HA—EB; 
therefore HF = AB: And AF = CH=BC,; for CF 
= CG, and AH = GB; therefore BC= HAC, 

and AH = CH—AC. 


Continue DC, 'till it meets a Perpendicular drawn 


upon Ii, in K,; and from K draw the Perpendicu- 


lar Kl, and join AK. 


Becauſe the Angles AHK and AlK are two right 
ones, the Anglcs HAl and K together, are equal 
to two right; ſince the Angles ot the two Trian- 
gles contain four right: In the fame Way FDEt 
FAE = (az right Angles ) FAE + IAH; let FAE 
be taken from both, then FDE = IAH, and of courſe 
FAE = K: The quaarllateral Figures AFDE, and 
KH Al, are therefore ſimilar, and have the Sides 


abut the equal Angles proportional; and it is 


plain the Triangles CFD and CHK are alſo propor- 
tional: Hence, 


FD: HA : : FA : BK 
FD: FC :.: H.-C 


Wherefore by multiplying the Extreams, and 
Means in boch, it will be, tne Square of FDXHK 
x iC=FCxFAxHAxHK; let KH be taken 
from both, and multiply each Side by CH; then 


the Square of CH x by the Square of FD=FC x 


FA xHA x CH. 


It is plain, by the foregoing Problem, that 

2 AB x DE, + + BC xDG+ + AC x FD= the 
Area of the Triangle; or that Haif the Sum of the 
Sides, viz. CH x FD= the Triangle; wherefore 
the Square of CH x by the Square of FDS FC x 
FA 


I 
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190 To find the Cintent of Ground. 


FA x HA x CH, that is, the half Sum multiplied 
continually into the Differences between the half 
Sun and each Side, will be the Square of the Area 
of the Triangle, and its Root the Area. Q. E. D. 


Hence the following Problem will be evident. 
PRO B. vll. 


Tte Sides of any plain Triangle given ” find 


the Area. 
Plate VIII. Fig. 9. 


Add the Sides together, and from the half Sum 
taae each Side ſeverally: Multiply the half 
Sum and three Remainders continually into 
each other, and the Square-Root of their Product 
v/11 be the Area. 


If the Triangle be meaſured by a T'wo-Pole 
Chain, reduce the Sides to Four-Pole Chains; 
and let them ſtand thus: 


8 . 
AB 10. 64) | 
Given AC 12. 25 the Area required, 
BC 9. oo 


Sum 31. 92 


Half Sum 1g. 96 


I —— = OR 


i 5-96 


To find the Content of Ground. 191 
E | 
15.96—10.64=5.32 firſt Remainder. 
15 96—12.28=3.68 ſecond Remainder. 

16.96 — 9.00=6.96 third Remainder. 


CL 


15.96 half the Sum, 
5 32 firſt Remainder. 


3192 
4788 
7989 


84.9072 3 
3.68 fecond Remainder. 


6792576 
5094422 
2547210 
312.4584995 | 
6.96 third Remainder. 


18747 50976 
2812126464 
; 1 $747 59976 


217471013216 


2174. 


192 To find the Content of Ground, 


2174-7101 3216(46 6337 
1 b | 


86 | 574 
516 


926 | 5871 
| 5556 


9323 | 31501 
27969 


93203 | 353232 
279789 


932667 7344316 
6528669 


MM 5647 


— — 


Area in ſquare Four-Pole PER 46. 6337 
Acres 4.66337 


4 | 


—— 


Roods 8 65345 
40 


Perches 4 


* 3 £ 
Anſwer 4. 2. 26. 


as if you reduce each Side into Perches, the 
Operation is performed in the like Manner; and 
the Square Root will be Perches. 


To 


A 


— 


ne 


d 
"qQ 


To find the Content of Ground. 
To perform this by Logarithms. 


193 


Inaſmuch as the Addition of Logarithms anſwers 
the Multiplication of their correſponding Numbers; 
and that the Number anſwering to the half of a Lo- 
garithm, will give the Square Root of the Number 
of that Logarithm, it follows, 


That half the Sum of the Logarithms of half 
the Sum of the Sides, and of the three Remainders. 
will give the Area. Thus, 


Half Sum 15.96 1.20303 
Firſt Remainder 5.32 0.72591 
2d Remainder 3.68 o 56585 
_ 3d Remainder 6.96 0.84261 


= > 


am 
Square 4 Pole Chains 46.63 1.66870 
Acres 4.603 ——— 
Roods 2.652 
SE | 
Perches 26.98 
A. R. P. 


Anſwer, as before 4. 2. 26. 


If therefore you reduce a Piece of Ground into 
Triangles, (as that in Plate VII. Fig. 4.) and mea- 
jure the three Sides of each; you may thus find 


the Content of the whole, by natural Numbers, or 


More readily by Logarithms. 
— e The 


194 To find the Content of Ground. 


The Figure may alfo be eaſily conſtructed by 
Prob. 1. Sect 1. 


P RO B. IX. 


To | the Content of a Trapezium Piece of 
me | Ground, l 


Multiply the Diagonal, or Baſe, by half the 


Sum of the two Perpendiculars, or the two Per- 


pendiculars by half the Baſe; or take half a Pro- 
duct of the Baſe into the Sum of the two Perpen- 


diculars. 


DEFINITION. 


A Line contained between the two remoteſt An- 
gles, is the Diagonal. 


EXAMPLE. 


Plate VII. Fig. 3. 


Let ABCD be a Piece of Ground, in Form of a 
Trapezium, whoſe Diagonal, or Baſe, AC, is 32C. 
10L; its Perpendicular bB; on one Side of that 
Line is 6C. 41L. and Perpendicular dD on the 


other Side is 13 C. 31 L. Required the Content. 


Perp 
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SL CL 


Perp. 6.41=3.41 "MY 
Perp. 13.31=6.81 ; 4 Fole Chains. 


Sum 10.22 


Half Sum 5.11 


3 
Baſe 32. 10 16. 10 
5.11 

1610 


1610 
8050 


Acres 80227 10 
4 


Roods 9084 
4 


The other two Methods are obvious, from what 
has been laid down (in the Triangle, Prob. 6.) and 


will produce a like Content. If both the Baſe and 


the Sum of the two Perpendiculars are odd, uſe the 
laſt Method of the three. 


The Map may be drawn, by knowing in what 
Parts of the Diagonal the Perpendiculars were 
taken, and thence ſetting them off, and joining their 
Extremity to thoſe of the Diagonal. 


The Area of the Square, Oblong, Rhombus, or 
Rhomboides, may be obtained in the like Manner. 
by a Diagonal and Perpendiculars. 


Ce 2 i 


196 To find the Content of Ground. 


If a Map of any of the foregoing Figures be 
given, with the Scale by which it was laid down, 
take the Dimenſions from that Scale of Perches, 
and thereby adjuſt their Contents, without reducing 
them to Chains. | 


From this, and the fixth Problem, this following 
Method will be plain, 


Firſt Method to find the Area of 
Ground. 


How the Area of a Piece of Ground, be it ever 
fo irregular, may be obtained, by dividing it into 
Triangles, and Trapezia. 


Plate VII. Fig. 4. 
We here admit the Survey to be taken, and pro- 
tracted; by having therefore the Map, and know- 
ing the Scale by which it was laid down, the Con- 
tent may be thus obtained. 


| Diſpoſe the given Map into Triangles, by fine 
pencilled Lines, fuch as are here repreſented by 
pop'd Lines in the Scheme, and number the Tri- 
angles with 1, 2, 3, 4, &c. Your Map being thus 
prepared, rule a Table with four Columns; the 
firſt of which is for the Number of the Triangle, 
the ſecond for the Baſe of it, the third for the Per- 
pendicular, and the fourth for the Content in 
Perches. 


Then proceed to meaſure the Baſe of Number 1. 
from the Scale of Perches the Map was laid down, 
m zes Te Map was la aer 
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and place that in the ſecond Column of the Table, 
under the Word Zaſe; and from the Angle oppoſite 
to the Baſe, open your Compaſſes fo, as when 
one Foot is in the Angular Point, the other being 
moved backwards and forwards, may juſt touch 
the Baſe Line, and neither go the leaft above or be- 
neathi it; that Diſtance in the Compaſles, meaſured 
from the ſame Scale, is the Length of that Perpen- 
dicular, which place in the third Column, undes: 
the Word Perpendicular. 


If the Perpendiculars of two Triangles fall 
on one and the fame Baſe, it is unneceſſary to 
put down the Bale twice, but inſert the ſecond 
Perpendicular oppoſite to the Number of the Trian- 
gle in the Table, and join it with the other Per- 
pendicular by a Erace, as No. 1 & 2, 4 & 5, 
b & 7, 9& 10, &c. 


Proceed after this Manner, *till you have mea- 
ſured all the Triangles; and then by Prob. 6, find 


the Content in Perches of each reſpective Triangle, 


which ſeverally place in the Table oppoſite to the 
Number of the Triangle, in the fourth Column, 
uader the Word Content. 


But where two Perpendiculars are joined together 
in the Table, by a Brace, having both one and 
che ſame Baſe; find the Content of each, (be- 
ing a Trapezium) in Perches, by Prob. q, which 
place oppotite the Middle of thote Perpendiculars, 


in the fourth Column, under the Word Content. 


Having thus obtained the Content of each re 
ſpective Triangle and Trapezium, which the Map 
contains, add them all together, and their Sum wil! 
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be the Content of the Map in Perches; which 
being divided by 160, gives the Content in Acres. 
Thus, for 


Content in Perches 4142.57 


——— 


This being divided by 160, will give 25A, K 
22P. the Content of the OP. 


— x CO, © 1 — £ — . 
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Let your Map be laid down by the largeſt Scale 
your Paper will admit, for then the Bales and Per- 
pendiculars can be meaſured with greater Accuracy 
than when laid down by a ſmaller Scale; and if poſ- 
fible meafure from Scales divided diagonally. 


If the Baſes and Perpendiculars were meaſured 
by Four Pole Chains, the Content of every Trian- 
le, and Trapezium, may be had as before, in 
— 6 and 9g, and conſequently the whole 


Content of the Map. 


If any Part of your Map has ſhort or erook- 
ed Bounds, as thoſe repreſented in Plate VII, 
Fig. 5, then by the ſtreight Edge of a tranſparent 
Horn, draw a fine pencilled Line as AB, to bal- 
lance the Parts taken in and left out, as alfo ano- 
ther, BC: Theſe Parts when ſmall, may be bal- 
lanced very nearly by the Eye, or they may be 


more accurately ballanced by Method the Third. 


Join the Points A and C by a Line, fo will the 


Content of the Triangle ABC, be equal to that 


contained between the Line AC, and the crooked 
Mearing from A to B, and to C: By this Method 
the Number of Triangles will be greatly leſſened, 
and the Content become more certain; for the fewer 
Operations you have, the leſs ſubject will you be tc 
err; and if an Error be committed, the ſooner i: 
may be diſcovered. 


The Lines of the Map ſhould be drawn (mali, and 
neat, as well as the Bales; the Compaſſes neatly 
pointed, and Scale accurately divided ; without 
all which, you may err greatly. The Multiplicati- 
ons ſhould be run over twice at leaſt, as alſo the Ad- 
dition of the Column Content, | 
| From 
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From what has been ſaid, it will be eaſy to ſurvey 
a Field, by reducing it into Triangles, and mea- 
ſuring the Baſes and Perpendiculars by the Chain. 
To aſcertain the Content only, it is not material to 
know at what Part of the Baſe the perpendicular 
was taken; fince it has been ſhewn (in Cor. to 
Theo. 23. Sz. 1.) that Triangles on the fame 
Baſe, and between the fame Parallels are equal: 
Put if you would draw a Map from the Baſes and 
Perpendiculars, it is evident that you muſt know at 
what Part of the Baſe the Perpendicular was taken 


in order to ſet it off in its due Poſition ; and hence 
the Map is eaſily conſtructed. 


Second Method to find the Area 
of Ground. 


Jo determine the Area of a Piece of Grounds 
from the Map ibereof, by the Square Inch 


Horn. 


This Horn is tranſparent, and has on it a 
Square whoſe Side is an Inch; each Side of this is 
divided into 10 equal Parts, and the oppoſite Di- 
viſions are joined by Right Lines, ſo the whole 
Square contains 10 times 10, or 100 ſmall 
Squares. 55 


Let the Parallels, by which your Map is to be 
protracted, be an Inch aſunder, and at Right An- 
gles to theſe, let other Parallels be drawn an Inch 

TR D d aſunder 


* 
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aſunder alſo; ſo will your Paper be divided into 
Square Inches. But great Care muſt be taken that 
the Parallels be exactly an Inch aſunder, and that 


the croſs Parallels be truly perpendicular to them, 
and alſo duly an Inch from each other. 


When all your Parallels are drawn, lay the Edge 
of a ſtraight Ruler diagonal wife, on the oppoſite 
Angles of a Square: Then if the Ruler's Edge 
cuts exactly the oppoſite Angles of every Square it 
paſſes over, and the Diagonals or Diameters of each 
be equal, the Paper is truly ſquared, otherwiſe not. 
And if the Parallels are an Inch aſunder exactly, 
they will be all ſquare Inches. 


Having thus prepared your Paper. and on it 


either protracted or drawn your Map; lay your 
Inch Horn on every Square thro' which any of the 
Lines of your Map paſs, and count the Number of 
ſmall Squares on your Horn which he within the 
Lines of the Map, which Number place down in 
that Part of a Square; do the like in every 
Part of a Square, and in every whole Square 
t down 100, or number them 1, 2, 43, Ec. 
Add all thoſe Numbers which you have in Parts of 
Squares and whole Squares together ; and their 
Sum will be the Number of ſmall Squares which 
the Map contains. x 


It is beſt to reckon the Parts of Squares without 
the Map as well as thoſe within, and by f 
doing, if the Parts without and within be equal to 
100, you may reaſonably conclude that you have 
counted and eftimated true. 


Let ABCD, Plate VII. Fig. 7. be a Map, whoſe 
Area is required : Let the Paper be ſquared as be- 
fore taught, and let every of the Squares in the 

Scheme 


A - XX AY , Ac. X% . ic atDÞcacqi 
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Scheme repreſent ſquare Inches. Let the Inch 
Horn, Plate VII. Fig. 6, be applied on every 
Square through which any of the Lines of the Map 
run, and count the Number of ſmall Squares con- 
tained within the Lines of the Map, which put 
down on your Map, as in the Scheme : Then num- 
ber the whole Squares teparately, and add the ſmall 
Squares contained in them, to the Number of ſmall 
Squares in the Parts through which the Lines of 
the Map paſs, and you have the Number of ſmall 
Squares contained in the Map. 


612 
3 * 
61 11 10 
20 97 78 
21 99 35 
96 69 27 
71 27 28 
31. 98 3 
983 2.8 7 
22 28 52 
31 11 4 
4762 % 
476 
53143 
284 2 
4 


1192+ ſmall Squares in Parts of large ones 
900 ſmall Squares in 19 large ones 


3192 4 Content of the Map in ſmall Squares. 


—— 


Having obtained the Number of ſmall Squares 
ontained in your Map, you are next to cor ſider 
D d 2 what 
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what Scale it was laid down by ; and thence you 
may know what the Content of every ſmall Square 
is, and of courſe the Content of them all, or the 
Content of the Map. Thus; 


If your Map be laid down by a Scale of 8 Perch 
to an Inch, the Side of the Square Inch will be 8, 


and its Content 8 Times 8, or 64 Perches; and 


becauſe there are 100 ſmall Squares in a large one, 
the Content of every ſmall Square will be 64 of a 


Perch; wherefore the Number of ſmall Squares be- 


ing multiplied by .64 will give their Content in 
Perches, and thoſe divided by 160, give the Con- 
tent in Acres. 


If your Map be laid down by a Scale of 10 
Perches to an Inch, the Content of every Square 


Inch will be ten Times 10, or 100 Perches; and 


fince every Square Inch contains 100 ſmall Squares, 
therefore every ſmall Square will be 1 Perch; con- 


ſequently the Number of ſmall Squares contained 
in your Map, will be the Content of it in Perches 


If your Map be laid down by r5 Perch to an 
Inch, a Square Inch will contain 15 Times 15, or 
225 Perches; and a ſmall Square being the hun- 
dredth Part of a large one, will contain 2.25 Per- 
ches; wherefore the Number of ſmall Squares be- 
ing multiplied by 2.25 will give the Content in Per- 
ches; or to the double of the Number of ſmall 
Squares add ; of them, the Sum is the Content in 
Perches. | Ss 


If your Map be laid down by 20 Perches to an 
Inch, the Square Inch will then contain 20 Times 
20, or 100 Perches; and 1 ſmall Square will con- 

tal 


5 
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tain 4 Perches; wherefore the Number of 
mall Squares being multiplied by 4, gives the 
Content in Perches. 


Or divide the Sum of the ſmall Squares, having 
cut off the laſt Figure, by 4; the Quotient is Acres, 
and what remains, if any, is a Rood or Roods: Then 
multiply your laft Figure by 4, adding 1 for a Quar- 
ter, 2 fur Half, or 3 for 2 of a Square, (if you have 
any luch in the Sum of your {mall Squares) and 
you will have- the Perches. Thus the Number of 
mall Squares in the foregoing Map being 31924, 


| demand the Content in Acres. 


31 9 


Content t 79: 3510 10 


Cut off the laſt Figure 2, and divide 319 by 
4, the Quotient is 79 Acres, and the Remainder 
3, is 3 Roods. Muliply the laſt Figure 2 by 4, 
ard add in 2 for the half — and you have 
10 Perches. 


The Reaſon hereof is i. when we confider 
that any Number muitiplied by 4, and divided 
by 160, will give in the Quotient the fame, as 


if that Number was only divided by 40; or which 


is the fame thing, cut oft the laſt Figure for the 
o, and divide by 4 


If your Map be laid dewn by 25 Perches to an 
Inch, every Square Inch will be 25 Times 25, or 
625 Perches ; wherefore every ſmall Square will be 
6.2 5 Perches: The Number of ſmall Squares _ 

ore 
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fore being multiplied by 6, adding 3 of their 
Number to the Product, will give the Content 
in Perches. 


If your Map be laid down by a Scale of 30 Perch- 
es to an Inch, every Square Inch will contain goo 
Perches, and every ſmall Square 9 Perches; the 
Number of ſmall Squares therefore being multipli- 
ed by 9, will give the Content in Perches. 


If your Map be laid down by a Scale of 35 
Perches to an Inch, every Square Inch will con- 
tain 1225 Perches, and every ſmall Square 12.25 
Perches ; wherefore to 12 times the Number of 
ſmall Squares, add 3 of their Number, and you 
have the Content in Perches. 


If your Map be laid down by 40 Perches to an 
Inch, every Square Inch will contain 1600 Perches, 
and every tmall Square 16 Perches; the Number of 
mall Squares therefore being multiphed by 16, 
gives the Content in Perches. 


Or cut off the laſt Figure from the Sum of the 
ſmall Squares, and the other Figures are Acres; 
multiply that laſt Figure by 4, adding in r, 2, or 3, 
for 5, 4, or 2, as before, and cut off 1 Figure to 
the Right from the Product, and the other, if any, 
are Roods: Nhuitiply the laſt Figure by 4, and 
the Product is Perches. 


dor if any Number be divided by 10, which is 
done by cutting off the laſt Figure, it will quote 
the tame as if that Number were multiplied by 
t6, and divided by 160. 


Suppoſe 
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Suppoſe the Number of ſmall Squares in a Map 


be 3994 2, required the Content in Acres. 


Acres 39914 + 


i 


Rood 1 


N co 


Perches 32 


After the like Manner you may find tlie Con- 


rent of any Map, by knowing the Scale by 


which it was laid down; for the Square of the 
Scale gives the Content of a Square Inch in Perch- 
es, the hundredth Part of which will be the Con- 
rent of a ſmall Square. f | 1 

I am confident I ſhall be judged to be too prolix 
on this Head; but as this Method has ſtood the 
Teſt of many Ages, and is ſtill uſed by many, I 


| have for the Benefit of thoſe of the floweſt Capacity, 


explained it as fully as I was able. 


Third 
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Third Method to determine the 
| Area of Ground. 


To determine the Area of a Piece of Ground, hav- 
ing the Map given, by reducing it to one Tri- 
angle equal thereto, and thence finding it's Content. 


Plate VIII. Fig. 5. 


let A B C DE F G H be a Mapof Ground, 
which you would reduce to one Triangle e- 
qual thereto. 


Produce any Line of the Map, as AH, both 
Ways: Lay the Edge of a parallel Ruler from A to 
C, having B above it: Hold the other Side of the 
| Ruler, or that next you fait; open 'till the lame 
Edge touches B, and by it, with a Protracting Pin, 
mark the Point þ on the produced Line: Lay the 
Edge of the Ruler from þ to D, having C above 
it: Hold the other Side faſt open, till the fame 
Edge touches C, and by it mark the Point c, on the 
produced Line. A Line drawn from c to D will take 
in as much as it leaves out of the Map. 


Again, lay the Edgeof the Ruler from H to F, 
having G above it, Keep the other Side faſt, open 
"till the fame Edge touches G, and by it mark the 
Point g, on the produced Line: Lay the Edge of 
the Ruler from g to E, having F above it, keep 
the other Side faſt, open, till the ſame Edge 
touches F, and by it mark the Point 7, on _ — 

| — uc 


, 
18 
ne 
of 
Pp 
go 
O- 
ed 


To find the Content of Ground. 209 


duced Line. Lay the Edge of the Ruler from f to 
D, having E above it, keep the other Side faſt, 
open ' till the fame Edge touches E, and by it mark 
the Point e, on the produced Line. A Line drawn 
from D to e, will take in as much as it leaves out. 


Thus have you the Triangle c D e, equal to the 


irregular Polygon AB CDE F GH. 


If when the Ruler's Edge be applied to the 
Points A and C, the Point B falls under the Ruler, 
hold that Side next the ſaid Points faft, and draw 
back the other to any convenient Diſtance; then 
hold this laſt Side faſt, and draw back the former 
Edge to B, and by it mark ö, on the produced 
Line; and thus a Parallel may be drawn to any 
Point under the Ruler, as well as if it were above 
it. It is beſt to keep the Point of your Protracting Pin 
in the laſt Point in the extended Line, till you lay 
the Edge of the Ruler from it to the next Station, 


or you may miſtake one Point for another. 


This may alſo be performed with a Scale, or 
Ruler, which has a thin floped Edge, called a 
Fiducial, or ſure Edge; and a fine pointed Pair of 
Compaſles. Thus. 


Lay that Edge on the Points A and C, take the 
Diſtance from the Point B to the Edge of the Scale, 
ſo as it may only touch it, in the ſame Manner as 


you take the Perpendicular of a Triangle; carry 


that Diſtance down by the Edge of the Scale paral- 
lel to it, to þ; and there deicribe an Arc on the 
Point 5, and if it juſt touches the Ruler's Edge, 
the Point bþ is in the true Place of the extended 
Line. Lay then the Fiducial Edge of the Scale 


from &b to D, and take a Diſtance from C, that will 


E e guſt 
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juſt touch the Edge of the Scale; carry that Di- 
ſtance along the Edge, till the Point which was in 
C, cuts the produced Line in c; keep that Foot in 
c, and deicribe an Arc, and if it juſt touches the 
Ruler's Edge, the Point c 1s in the true Place of the 
extended Line. Draw a Line from c to D, and it 
will take in and leave out equally : In like Manner 
the other Side of the Figure may be ballanced by 
the Line e D. | 


Let the Point of your Compaſſes be kept to the 
laſt Point of the extended Line, till you lay your 
Scale from it to the next Station, to prevent Miſ- 

takes from the Number of Points. 


That the Triangle c D e, is equal to the right- 
lined Figure ABCDEF GH, will be evident from 
Problems 18, 19. Sect. 1: For thereby, if a Line 
were drawn from þ to C, it will give and take 
equally, and then the Figure C DE F GH, will 
be equal to the Map. Thus the Figure is leſſened 
by one Side, and by the next Ballance Line will 
lefſen it by two, and fo on, and will give and take 
equally. In the ſame Manner an Equality will ariſe 
on the other Side. 


The Area of the Triangle is eaſily obtained, as 
before, and thus you have the Area of the Map. 


It is beſt to extend one of the ſhorteſt L. ines of 
the Polygon, becauſe if a very long Line be pro- 
duced, the Triangle will have one Angle very ob- 
tuſe, and conſequently the other two very acute; in 
which Caſe it will not be eaſy to determine exactly 
the Length of the longeſt Side, or the Points 
where the Ballancing Lines cut the extended 
one. 


This 
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This Method will be found very uſeful and ready 
in ſmall Encloſures, as well as very exact; it may 
be alſo uſed in large ones, but great Care muſt be 
taken of the Points on the extended Line, which 
will be crowded, as well as of not miſſing a Station. 


Rath We to ine the 
Area of Ground. 


To determine the Area of a Piece of Ground, 


having the Map thereof given by a Scale of 
Acres. 


In this Caſe let your Parallels be half an Inch 
aſunder, and (if it will admit it) let your Map be 
laid down by a Scale of 20 Perches to an Inch: 
Provide yourſelf with a tranſparent Horn, with Pa- 
rallels on it at half an Inch aſunder, to which the 
Ends of the Horn muſt be at right Angles; an Inch 
Horn may be made to ſerve this Purpoſe. Between 
two of the middle Parallels let a ine parallel Line 
be drawn, equi-diſtant to each, or a Quarter of an 
Inch from either. Apply the middle Parallels on 
the Horn between any two Parallels on the Map, 
and bring the End of the Horn fo to the Lines of 
the Map between the ſaid Parallels, that you may 
have as much under it, as you eftimate to be with- 
out it; and with a fine Pencil Point, or Protracting 
Pin, draw a Line between the two Parallels by the 
End of the Horn. You muſt be careful in keep- 
ing the Parallels on the Horn exactly over the Pa- 
rallels on your Map. Do the like by the Lines ot 

E c 2 thc 
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the Map beiwcen all the Parallels on it, till you 
have reduc. d what was between them into equiva- 
lent right-angl-d Parailelograms. 


Plate VIII. Fig. x. 


Let ARCD rcprefent a Map of Cround which is 
laid dow: by a Scale of 20 Perchas to an I. ch, and 
let the paralic! Lincs repr. ſ-nted in the Scheme, be 
ſuppoſed to be half an Inch aſunder: By this Hy- 
potheſis therefore it will be plain, that the Breadth 
betweer any two Parallels will be 10 Perches; and 
becauſe 160 Purches make an Acre, it follows, that 
16 Perches in Length between any two Parallels 
will be an Acre. 


Plate VIII. Fig. 3. 


Make a Scale of equal Parts, whoſe Diviſions 
ſhall be 16 Perches, or 8 Tenths of an Ich aſun- 
der; and ſubdivide one of thoſe Diviſious into 
Tenths, aud half Tenths; The Parts between may 
be eftimated near enough. Or one of the Diviſi- 
ons may be divided diagonally into 100 equal Parts. 
Number the firft large Diviſion 1, the ſecond 2, 
the third 3, Fc. ſo every one of the large Divi- 
lions will be an Acre, and the {mall ones will be 
decimal Pa: ts of an Acre. 


Plate VIII. Fig. 2, repreſents the two middle 


Parallels on the Horn, with the intermediate Paral- 
tel at a Quarter of an Inch from each. 


Apply this Part of the Horn between any two 
Parallels on the Map, Fig. I. *ull by the Edge 
thkcreof you find by Eftimation you have as much 
at the Bounsaries of the Map under it, = you 
5 255 eave 
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leave out, and by the End of the Horn draw a Bal- 
lance Line with a Pencil, as before, and do the like 


between every two Parallels. The Pricked Lines 


in the Scheme repreſent the Ballance Lines. 


Where the Boundaries are very crooked, as be- 
tween a and b, ballai.ce them with the Line ab, 
the foregoing Method; bring the Edge of the 


middle Parallels on the Horn to this Line, *till the 


intermediate Line meets ab, inc; then by the ſaid 


Edge draw the Line de, and the Part left out will 


be equal to that taken in; which muſt be manifeſt 


by what has already been ſaid. And this Method 


may be uſed wherever the Parts leſt out, and take 


in, are too great to be eſtimated. MY 


If an oblique Right Line be the Boundary be- 
tween two Parallels, as the Line Bf is, bring the 
Edge of the Viiddle Parallels on the Horn to this 
Line, till the intermediate Line meets it; and by 
the Edze draw the Ballance Line. 


Having reduced what lies between every two 
Parallels to an Oblong equal thereto, number them 


with I, 27 3» 4, Sc. 


Then either apply the Fiducial Edge of your 
Scale where the Diviſions of Acres are, to find the 
Length of each Oblong; or meaſure the Lengths 
from your Scale of Acres, which you have divided 
diagonally: Set theſe ſeverally oppoſite to their 


reſpective Numbers, and their Sum will be the 


Acres and decimal Parts of an Acre contained in 


All the Oblongs. Thus, 


No. 1. 
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If there be a ſmall Piece above or below, 
that won't reach a Parallel, or if there be any 
long irregular Excreſcences on either Side, let 
theſe be caſt up by Triangles, and their Content 
be added to the Sum of the Oblongs, for the 
Content of the Map. 


If your Map be laid down by a Scale of forty 
Perches to an Inch, it is beſt to have Quarter Inch 
Parallels, and then every Acre will be 4 Tenths of 
an Inch in Length, which may be laid on the other 
Edge of the Scale. 


Let your Map be laid down by what Scale ſo- 
ever, if you caſt it up by the large Scale of Acres, 
or by that of 20 Perches to an Inch, the true 
Content may be eaſily obtained, as will here- 
after be ſhewn. 


The 
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| The larger your Scale is by which your Map is 
laid down, the more certain the Content will be by 


any Method whatſoever. 


When a Perſon is ſome Time accuſtomed to this 
Method, he will prefer it to any of the foregoing 
for its Expedition and Certainty. 


If you be unprovided with a Scale of Acres, 
you may meaſure the Lengths of the Oblongs 
by the Diviſions on the Edge of the Protractor ; 
and if the Map be ruled with half Inch Parallels, 
the Sum of the Lengths of the being 
divided by 16, will give the Content in Acres, if 
the Map was laid down by 20 Perches to an Inch; 
but if by 40, divide the Sum by 4, and you have 
the Content required. 


Fifth Method to determine the Area 
of Ground. 


To determine the Area of a Piece of Ground, has.- 
ing the Map given, by Weight. 


Let the Map, Plate VIII. Fig. 6. be that 
whoſe Area is required. | 


Let Parallels be drawn at half an Inch aſunder, 
and others at Right-Angles to thoſe at a like 
Diſtance; ſo will each Square be a Quarter of 
2 Square Inch in Area. 


With 
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With a Pair of fine Sciilars, or a Penknifc, cin 
away all the Squares marked a, Which the Bounds 
of the Map do not reach, as uaneccflary and uic- 
leis; then will remain all the whole Squares con- 
tained within the Body of the Map, and the 
Squares which the Bounds pats through, which 
are mark d „ 2, e. | 


Count the Number of waole Squares in the Body 
of the Map, and thoſe marked z, together, which 
Number note down; then find with Grains and 
Tenths of a Gain, the Weight of all that Paper. 
Call the Number of Squares, firft Area, and their 
Weight in Grains and Parts, call their firſt Weight. 


Cut the Map then cloſe by the Bounds, fo will 

the Pieces of Squares without the Bounds, marked 
Z, be cut away, and the Map only remain, which 
weigh in Grains and Decimals of a Grain, as before. 
Ther ſay, as the firſt Weight is to the firſt Area, 
ſo is the ſecond Weight to the ſecond Area, which 
gives the Area of the Map in Squares, and Deci- 
mals of a Square. Then by knowing by what 
Scale it was laid down, the Area of each Square 15 
known, and conſequently the Area of the Whole 
Map. The Area of each Square by the different 
Scales moſt uicd, will be thus : 


16 | 
Perch to an 25 
Inch, eve- J 6 : 
ry Square . V 
will be 400 | 
; | 10 Bi 
Acres. 


The 
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The following was an Experiment made a ſew 
Years ſince upon the Map, Plate X. Fig. 3, which 
when caſt up by the following univerſal Methods, 
gives 110A. 2R. 32P. The Map was laid down 
by a Scale of 20 Perches to an Inch. 


Number of Squares in the Map, and thoſe mark- 
ed 2, 223. 


Grains. 
Weight of the Paper 74.6 
Weight of the Map 59.2 


Then 74.6 : 223 : 59.2 : 176.96 Squares in 
the Map, and each Square being 100 Perches, 
makes 17696 Perches, or 110\. 2R. 16P, dif- 
tering only 16 Perches from the true Content. 


This may alſo be performed by drawing a Tra- 
pezium about the Map, and finding its Content as 
before, cutting it out and weighing it, and after- 
wards the Map; by ſay ing, as the Weight of the 
Trapezium is to the Content of the Trapezium, fo 
is the Weight of the Map to the Content of the 
Map. But this Method will not he ſo exact as the 


foregoing one; for there will be a much greater 


Space, or Area comprehended between the Tra- 
pezium and the Map, than that contained in the 
Parts of Squares thro' which the Lines of the Map 
run, and the Map; therefore, as there are ſome 
Inequalities in all Paper, the greater the Error 


will be. 


Ft Tho 


- * 
N k y — — 1 — 2 
” 2 1 - + 
-<= =— SS i _ _ * * - - Mi ” ” rig = ** ou ak A 
— V — — ——— — _—_ - FR 
— - - - . _ « - 
a . * 0 = . 
2 2 . - 
. — - — 


= — 
— 


* 
: \. Ls * — / 
. # & _ = % — — 1 — — - 
4 > _ -_ — —— mag nd — — - - 
F „ e - — 8 
” . * 22 . — - 
+ > 20 — EET 2 "= 
_ — — — - — - >- —— G 
6 £ — hen — — - 
2 i 22m — —_— 4 
_ S—_——— 3.5 K 1 = 7 2 7 — 
— Bs * , ts — 4 — . * —— 
— * k — - — 2 
* — - — 2 2 * 
— - * — = SJ E - 
* * — - _— — — 
* * 8 _ — 1 4 ——— — — 
; = 
. — 
© 


—— —_— 
+. 
EZ ” 
— 


* * 
p | 
. ; . 
* 1 
1 1 * . 
: 
4 
1 
h : 
it? l 
5 dy UU 
110 vt 
+ TSS : 11 
1517 
+; 1 6 
AW +4 
1 
a5 1 
; „174 
** Fa = 1 
* b BY Alt 1 : 


* 
i <= * a> 
- — 
— 4 
a — — 
2 — 8 
— 
* * © 


218 To find the Content of Ground, 


Tho' this Method of Weighing may ſeem 
whimſical and ridiculous, yet if Experiments be 
made with nice Scales and Weights, upon Maps 
laid down by large Scales, and drawn upon good 
even Writing-Demy Paper, the Contents produced 
will be found to be much nearer the Truth than 
can be imagined. | 


1 2191 


— 


SRKCT. V. 


Containtng Four new conciſe Methods of determin- 
ins the Areas of Right Lined Figures untver- 
ſally, or by Calculation: With ſome neceſſary 
previous Definitions and Theorems. 


— 
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DEFINITIONS. 
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Plate VIII. Fig: 7. 


L \ FJERIDIANS are North and South Lines, 
1 which are ſuppoſed to paſs through every 
Station, running parallel to each other. 


5 2 
uP- . . * 
2 r 
3 f 
. — a * — 
— 
- — - -— 
= +: St 
83 3 — r — 
4 


II. The Difference of Latitude, or the Northing 
or Southing of any ſtationary Line, is the Diſtance 
that one End of the Line is North or South from 

the other End; or it is the Diſtance which is inter- 
c2pted on the Meridian, between the Beginning of 
he ſtationary Line, and a Perpendicular drawn from 
the other End to that Meridian. Thus, if NS be 
+ Meridian Line paſſing through the Point A of 
ine Line AB, then is Ab the Difference of Latitude, 

r Saguthlag of that Line. | Lo 


Ff 2 III. The 
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III. The Departure of any ſtationary Line, is the 
neareſt Diſtance from one End of the Line, to a 
Meridian pathng through the other End. Thus, 
Bb is the Departure, or Eaſting of the Line AB. 


But if CB be a Meridian, and the Meaſure of 
the ſtationary Diſtance be taken from B to A; then 
1s BC the Difference of Latitude, or Northing, and 
AC the Departure, or Weſting of the Line BA. 


IV. That Meridian which paſſes through the ſirſt 
Station, is ſometimes called the firſt Meridian; and 
ſumetimes it is a Meridian paſting on the Eaſt or 
Weſt Side of the Map, at the Diſtance of the 

Preadth :Eereof, from Eaſt to Weſt, ſet off from 
the firſt Station. 95 


V. The Meridian Diſtance of any Station is the 
Diſtance thereof from the firſt Meridian, whether it 
be ſuppoſed to pats through the firſt Station, or on 
the Eaſt or Weſt Side of the Map. 


THEO. I. 


In every Survey which is truly taken, the Sum 
of ihe Nerthings will be equal to that of the 
Seurhings ; and the Sum of the Eaftings equal 
40 that of the FF'eflings. 


Plate IX. Fig. 1. 


Let abrefg icpreſcent „ Flet, or Parcci et 
L2::d. Let 2 be the firſt Station. þ the ſecond. c the 
third, Ec. Let NS be a Nie ridiar Livc. then willa': 

| Lives 


Lines parallel thereto, which paſs through the ſeve- 
ral Stations, be Meridians alio; as ao, bs, cd, &c. 
and the Lines bo, cs, de, &c. perpendicular to 
thoſe, will be Eaſt or Weſt Lines, or Departures. 


The Northings ei + go f bq =ao f l f cd fr the 
Southings. Thus: 


Let the Figure be compleated; then it is plain 
that got hqtre=aotbst+cd, and ei — rk=fr. If 
to the former Part of this firſt Equation er--- rk be 
added, and fr to the latter, then go f hq t ei 
ed f fr; that is, the Sum of the Northings is 
equal to that of the Southings. 


The Eaſtings cs + ga=0b + de + if + rg + oh, the 
Weſtings. Thus: 


For aq f yo (az) =detiftrgtob, and, bo=cs--- yo, 
If to the former Part of this firſt Equation c- yo 
be added, and bo to the latter, then cs ag ob t 
deff rg fob; that is, the Sum of the Faſtings 

is equal to that of the Weſtings. Q. E. D. 


SCHOLIU A. 


This Theorem is of Uſe to prove, whether the 
Field-Work be truly taken, or not: For if the Sum 
of the Northings be equal to that of the Southings, 
and the Sum of the Eaſtings be equal to that of the 
Weſtings, the Field-Work 1s truly taken, other- 
wiſe not. - 


Since the Proof and Certainty of a Field-Work 
depend on this Truth, it will be neceſſary to ſhew 
how the Difference of Latitude, and lg "= 

or 
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for any ſtationary Line, whoſe Bearing and Diſtance- 
are given, may be obtained by Trigonometry, Or 
by Tables hereunto annexed. 


PROBLEM 


Fo find the Difference of Latitude and Departure, 
the Bearing and ſtationary Diſtance being given. 
by Tr: rig oometry- 


Plate IX. Fig. 1. 


Let the B-aring of the Diſtance Line ab, be SW 
16˙, and its Length in Four-Pule Chains, 10C. 
12L. Required a, the Difference of Latitude, and 
eb, the Departure. 


By Caſe 1. of Rectangular Trigonometry. 


R : ·ãůn: 8 : fn 
90˙ 10.12 16".45* 2.92 Dep. 


: S. aba: @ 


R. 5 
go” 19.12. 73.15 9.69 Diff. Lat. 


at 


Thus the Diticrence of Latitude, or Southi:p 


is found to be C. 69 L. and the Departure, OF 


Weſting, 2C. gal. Ard in hke Manner the Dif- 
ference of Latitude and Departure may be found 
for any ſtationary Diſtance, having the Baring, 


ald Len. Ach thereof given. 


This may allo be performed by Gunter's S. ale, a as 
ren, ia Caf> t. of Refangular Trigont 


$72.9, 


Te 
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2. 7 o find the Difference of Latitude and Departure, 
by Help of the annexed Table. 
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In the firſt Column find the Degree, ard the 
3, +, or # of a Degree contained in the Bearing; 
in a Line with which, under N. S and E. W. 
you have the Difference of Latitude, and half 


the Departure for that Bearing, the Diſtance being 
1 Four-Pole Chain. 


"+ 

4; 

Jv | 

it 

} 
's 


Therefore, if the correſponding Numbers, © 
polite to the Degrees in the Table, be "Sale © 
multiplied by the Length of the ſtationary Di- 
ſtance, their reſpective Products will be the Dif- 


ference of Latitude, and Half Departure for that 
Line. Thus, 


Let the Bearing as before be SW. 164, Dic. 
tance 10 C. 12 L. Required the Difference of 


Latitude and Departure. 
Oppoſite to 16˙Z; are theſe Numbers. 
9576 N. S. .142t E. W. 
10.12 61 
19152 2832 
9576 1441 
9576 1441 


9.690912 Southing 1 458292 Half Weſting. 


— — 


2.916584 Weſting. 


THEO 
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THEO. I. 


If a Map hes 10 the Eaſt of any firſt Meridian, the 
farther any Point be taken m the ſeveral flationary 
Drftances that have Eaſt Departure, the farther vill 
that Point be from the firſt Meridian; but the far- 
ther any Point be taken in ſtationary Diſtances that 
have Weſt Departure, the nearer that Point will be 
to the t Meridian. 


Plate IX. Fig. 2. 


Let the firſt Meridian be N. S, and let the Stations 
a, b, c, lie on the Eaſt Side thereof; let the Per- 
pendiculars af, bm, cu, and dk be drawn ; 2 
an, br, and cp parallel to NS. 


The Departure of the firſt Line ab is ob and lies 
to the Weſt Side of its Meridian as, which paſſes 
through the Station 4. But the Point 6b, or any 
Point in the Line ab, is nearer to the firſt Meridian 
NS, than the Point à is; for af (om) --ob=bm, 
therefore Im is leis than af, and conſequently the 
Point & is nearer N. 8, than the Point a is. 


The Departure of the next Station is ci, which is 
do the Eaſt ward of its Meridian i, which paſſes 
through the Station þ; but the Point e, or any Point 
in the Line bc, is mare remote from the firft Meri- 
dian NS, than the Point þ is; for bmtci=cn. 


Therefore 
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Therefore when the Departure of any ſtationary 
Diſtance is Eaſt, the further you proceed on in the 
Diſtance Line, the more you remove from the firſt 
Meridian. But when the Departure is Weſt, the 
{farther you proceed on in the Diſtance Line, the 
nearer you approach the firſt Meridian. Q. E. PD. 


COR. I. 


Hence if the Diſtance of the firſt Station from 
the firſt Meridian be known, and alto the ſeveral 
Departures 0, ci, pd; the Diſtauces of the Points 
5, c, and d, from that Meridian may be likewiſe 


known: For the firſt Departure being Weſt, 4 


by= bm; the next Departure z being Eaſt, - bn: + 


ci Sen; and the next Departure being Weſt, n- 


pd = dk. And if you proceed in the like Manner to 
add the Eaſt, and ſubtract the Weſt Departure in 
any Survey, the Diſtance of any Station from 
the firſt Meridian may be known. 


COR . 


As by the whole Departure of each ſtatiogary 
Diſtance, with the Diſtance of any one Station from 
the firſt Meridian, the Diftance of every Station in 
the Map from the firſt Meridian may be known ; 
ſo by having Half the Departure of each ftationary 
Line given, with the Diſtance of the firſt (or any 
other) Station from the firſt Meridian, the Diſtance 
of the Middle of each ſtationary Line, from the firſt 
Meridian may be found thus. If %% be Half the 
Departure of the firſt Station, the Point þ will be in 
the Middle between a and h; for ob : ba: : bg la, 
but oh being double of bq, ba will be double of ba. 

(3 g galt 


3 4 by 
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Again, ob. a. bg - qa, wherefore oa will be 
double of ga, and gg will tall in the Middle between a 
and bm: And for the ſame Reaſon admitting IE to 
be Half the Departure of the ſecond ſtationary Line, 
le will fall in the Middle between bm and cn; and 
conſequently if Half the Departure of each Station 
be given, the Lines gh, mb, el, nc, &c. will alſo be 
given, for af---q&=bg. hg---bq () = bm. bmfl: 
=le, letlz (xc) cn. On---ry=rs. r5---ry=qk. 


LEMM 4. 


In every Trapezium ABCD, having two Sides, AD, 
PC, perpendicular to the ſame Side AB, Half the 
Sum of thoſe perpendicular Sides, viz. IF, mulli- 
plied into AB, the Baſe on which they ſtand, will 
be the Area of the Trapezium ABCD. 


Plate VIII. Fig. 10. 


Let DK be drawn parallel to AB, and let it be 
biſected by the Perpendicular FHI; it is plain, from 
ſimilar Triangles, that it will alſo biſect DC in F: 
Through F, draw FG parallel to DK, and this will 
alſo biſect CK in G. 


It is manifeſt that KC is equal to the Difference 
of the Sides BC, AD, and GK = GC=ED their 
Half Difference: Therefore (by Cor. to Theo. 4. 
Sect. 2.) CB---CG=GB=FI, will be half the Sum 
of AD and CB; and it has been ſhewn that DFE, 
GFC are equilateral, and hence they are equal to 
each other. But AB multiplied by FI, or BG, 
Half the Sum of the Sides AD, and BC, will be 


the 
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the Area of the Rectangle AEGB=ABCD : For if 
from the Trapezium ABCD, the Triangle FGC be 
taken, and in heu thereof DEF be added, the 

Rectangle AEGB, which is made of Half the Sum 
of the Sides into the Baſe, will be equal to the 
Trapezram ABCD. Q. E D. 


T HE O. III. 


F the Meridian Diſtance taken in the Middle of every 
ftationary Line, be multiplied into the particular 
| Northing or Southing of that Line; and if the Dif- 
ference between the Sum of the Nerth and the Sum 
of the South Products be taken, it. will be the Area 


of the Survey. 


Plate IX. Fig. 3. 


Let ABCDEFGA be the Map of 2 Survey whoſe 
Area 1s required. 


To the firſt Meridian NS, drawn on the Weſt 
Side of the Map, let Perpendiculars be drawn from 
the Beginning and Middle of every ſtationary Line; 
let alſo Meridians be drawn * each Station, 
and the Figure be compleated. 


The Northings are Ab WM, Bd=MN, * 
G, and Gg=SW. 


The Meridian Diſtances to the Middle of every 
ſtationary Line tending to the North, are IT, KO, 
Pa and HV. 


Gg2 Ih 


| 
| - 
| 
' 
17 
y 
| 
| 
"i 
4 . 
Ls {A 
"- : 
| 
N I 
li 6 
* * 
hi 
1 
1 A. 
1 
N fl . 
9 
N. 
A 
14 W 
Ne 
1 J 
14 7 
' 6 
1 
1 2 
70 
»þ ö 
9 J a 
* 
ALY 4 
$i; TY FR. 
. J 
: b 
* 7 f 
N 4 
f J 
* 
* 4 


ny" — "= _ _—_ 
. —_ — · 
„ 


228 CALCULAT "10 N. 


The Northings (Fg) Qs multiplied by Pu=Area 
of FGSQF, (by * Lemma); and (Gg) SW mul- 
tiplied by HV=Area SGAWS. (Ab) WM multi- 
plied by IY= Area WABMW, and (B44 MN mul- 
tiplied by KO=Area MBCNM ; the Sum of all 
theſe Areas in the whole North Area QUGABENU, 


in the fame Manner the Southings (Ch) NZ 
multiplied by LL=Area NCDZN, (55% ZT nu 
tiplied by MX = the Area ZDETZ, (Ex) TQnul- 
tiplied by RR=the Area TEFQT, the Sum of all 


theſe Areas is the South Area NCDEFQN. 


The 4 of NCDEFQN=QE an 
of the Map ABCDEFA. Q. E. D. 


The Demonſtration of this Theorem in a mare compli 
cated Figure. 


Piate IX. Fig. 4 


Let a be the firſt Station, b the ſecond, c the 
third, Sc. and the Line NS the ſirſt Meridian. 


The Figure r made of the ſeveral Southings, into 
the Merichan Diſtances to the Middle of every 
ſtationery Line is «cdefghotkeſtk. And the Figure 


| made cf the ſeveral Northings into the Meridian 
Diſtance to the Middle of every Rationary Line, 1s 


1 * th, 


The Differcuce of theſe Areas is ocdefe ho---bgat 
cl abetefga, the Area of the Map. QF. D. 
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If the Gift e ob bad palled eithef through 
the extreme Weſt Point a, or the Eaſternu t Point 
g; the Demonttration would be the fame, both in 
This and the laſt Calc. 


Sc HOLI GM. 


From theſe Theorems we (carn how to find the 

Area of a Piece of Ground by Calculation or wi:h- 
cut a Map, when the firſt Nieridian paſtes on the 
Eait or Weſt Side of a Map. 


To fad t the Area of Ground from the 
Field-Notes, by Calculation, or with- 
cut the Aſſiſtance of a Map. 


In the fol lowing Field Book, Method Na. 


Transfer the Letters of the Bearin ng which are 
in the fecond Column, from thence to the tourth, 
and place the firfl Letter thereof cover the ſccond: 
Thus, the fieſt Bearing being NF, in the fourth 
Column, or that of Latitude and Departure, rito 
down the Letter N, and under it E; the Frit frews 
that the Differcnace of Latitude is Northia , and 
the ſecond that the Departure is Eaſting: The like 
is done with ihe tecond Bearing, being NE alſo. 
The thud Bearing being 3 all, has neither Nar thing 
er Scuthing; therelore in the Fiacc of either er 
doun r hers 5 ny. The fourth Bear.ng, being 
SV, V rite down S over W an 10 proceed o iet 
Hun he mitial Letters t every 3 one over 
the other: But if a Beat: k be N, 5, E, or W, 

Put 
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put down ſuch a Letter, and Cyphers in the Place 
of the ſecond Letter. 


Before or after every Letter E, place the Sign +, 
and alſo before or after every W, place the Sign—; 
to ſhew that every Eaſting is to be added, and 
every Weſting ſubſtracted. 


By Trigonometrical Calculation, or from the 
annexed Tables, find the Difference of Latitude an 
Half Departure of each Line, and place them after 
their reſpective Letters. Thus the firſt Bearing 
being N. E. 55, Diſtance 13 C. 70 L. the Northing 
will be 3 C. 54 L. and half the Eaſting 6 C. 6 L. 
the former ot which place after the Letter N and 
the latter after E: and ſo proceed with all the reſt, 
till the Column of Difference of Latitude and 
Departure be compleat. | 


N. B. It has been already ſhewn, that the 
Numbers under the Column EW, in the annexed 
Tabie. are half the Eaſtings or Weſtings, or half 
the Departure; but for Brevity ſake, we ſhall 
hereafter call them Eaſtings or Weſtings, and 
 tometimes Departures. 

On a looſe Picce of Paper write down the Letters 
N, S. E, and W, at any convenient Diſtance aſun- 
der; and from the Column of Latitude and Depar- 
tne collect all the Northings, Southings, Eaſtings, 
and Weſtings; add them up ſeverally, and if the 
Nortnings are equal to the Southings, and the Eaſt- 
gs to the: Weſtings, the Work is truly taken, other- 
wile not, as before demonſtrated. 


ne 
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The Latitudes and Departures in the following 


Field Book, are thus collected. 


N. = W. 
3.54 29-44 6.61 974 
9.05 3.879 1.80 7.76 
GOD 3.21 810 8 
6.94 2.75 5-14 464 
15 38 10.48 2.68 1.40 
12.93 9.69 53g 2.46 


57-44 57-44 30.77 30.77 


To find the Numbers for the Column entitled | Meri- 


dian Diſtance. 


Oppoſite Number o in your Table, place 61 C. 


54 L. the whole Departure, or double the Sum of 
the half Eaſtings, or half Weſtings; in the Co- 


lumn of Meridian Diſtance. 


In Plate IX. Fig. 3. Let AW repreſent this firſt 
Number, viz. 61 C. 54 L. and NQ the firſt Meri- 
dian Line; and ſince the Map lies to the Eaſt Side 
of that Meridian, (by Theo. 3. of this Section) 
thoſe Lines that have Eaſt Departure will lie far- 
ther from the firſt Meridian, than thoſe that have 
Weſt Departure; and therefore knowing the 


Length of the Line AW, the Lengths of the other 


Lines IT, BM, Sc. may be found, by adding the 
Eaſtings, and ſubſtracting the Weſtings, by Cor. 2. 
Theo. 2. of this Section. | 


The firſt Meridian is ſuppoſed to be the Length 
of the whole Departure, or the entire Eafting, 
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or Weſting, from the firſt Station: For ſhould the 
firſt 4 be at the Eaſtecmoit Point of the Lens 


the firſt Mera! will then pais thro' the W cſter- 


moſt, and the Map will be entirely on the Eaſt of 
the ſirſt Meridian: But were he Meridian Diſtance 
lefs than whols Eaſti .g or Weſting, and the firſt 
Station at the Ea aſterrnaoſt Point of the Land, then it 
is plain, that the fir Meridian will pats through 
the Map, and Part thereof will lie on the Eatt, and 
the reſt on the Weſt of the ſaid firſt Meridian. In 
this Caſe therefore no Number leis than the whole 
Eafting or Weſting will be ſufficient for the Meri- 
dian Diſtance, in order that the Map ſhould lie en- 
tirely on the Eaſt thereof. But if the firſt Station 
be 200 the Eaſtermoſt Point of the Land, a let; 
Number might be ſufficient for the Meridian Dil 
trance, but how much leſs would be troubleſome 


and i e to determine; ſince the Meridian Di- 


tance being made equal to the entire Eaſting or 


Wetting will anſwer in all Caſes, let the firſt Station 


be where it will; as it leaves the Map entirely to 
the Faſt of the firſt Meridian. 


The fame Reaſoning will hold good, if you 
would have the Map to lie entirely on the Weſt of 
the firſt Meridian. 


In the following Table or Field-Book the Eaſting 


ol the firſt ſtationary Line is marked + 6.61, muft 


„ — to 6.54, and placed in a Line with 
N 2.54, and 68.15 f 6.61 2 74.76 mutt be placed 
ma Line with Et6.64. 


Aga n, 74.76t 1.860=76 56, which place in a 
Lane with . aud 76.56. 1. 80 78.36, Which 


as mn a Line v 725 FI 80. Proceed in the like 
anner t a0 the 1* uſtings, and ſubſtrack the Weit- 


11 G5 
| HRT) 
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ings, 'till you have compleated the Column of 
Meridian Diſtance; the laſt Number of which 
will be equal to the firſt, if the Work be right, 
becauſe there was juſt as much added, as ſubſtract- 
ed, ſince the Sum of the Eaſtings is equal to that 
of the Weſtings. 


The Numbers in the Column of Meridian Diſ- 
tance which are in the ſame Line with the Northings 
or Southings, in the Column of Latitude and Half 
Departure, are the Meridian Diſtances in the Mid- 
dle of each Line; and thoſe in the ſame Column 
which are in the Line with the Eaſtings or Weſtings, 
are the Meridian Diſtances at every Station, or at 
the Beginning of every Line: And ſince it has 
heen demonſtrated in Theo. 3. of this Sect. that if 
the Meridian Diſtances taken in the Middle of every 
Line, be multiplied into the particular Northing or 
Southing of that Line, that the Difference of the 

Sums of the North and South Products, will be the 
Area of the Map; it follows, that the upper Num- 
ber of every two which ſtand in the Column of 
Meridian Diſtance, muſt be multiplied by the Nor- 
thing or Southing adjoining it. Theſe ſeveral Pro- 
ducts muſt be put in the Columns of N. Area, 
or S. Area, according as the Difference of Latitude 
is North or South. This it 68.15, the Meridian 
Diftance to the Middle of the firſt Line, be mul- 
_ Uplied by 3.54, the Northing adjoining it, the Pro- 

duct 241.2510, muſt be put in the Column of North 
Area ; but in the 4th Sationary Line, when 84.82 
is multiplied by 29.44, the Southing of that Line, 
the Product 2497. 1008 muſt be placed in the Column 
of S. Area, and fo of the reſt, 


n Laſtly. 


— — — — 
KR —ů + 2 i n= —— 
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Laftly, if you add up the Columns of N. and 
S. Area; the Difference of theſe will be the Area of 


the Survey in ſquare Four-Pole Chains, which may 
be eaſily reduced into Acres as before. | 


Thus the Content of the following Field-Book 
is 1107.0513 ſquare Four-Pole Chains, or 110. 70513 
On Es | 

Acres 110.70513 
4 


Roods 2.82052 
4 


Perches 32.8208 


A. X F. 
Or 100. 2. 32. or nearly 33 Perches. 


FitL p-Book. Method J. 


3185.25 if 
| Sub 
Area in ſquare Four-Pole Chain 


| 235 
No. 3 Latit. and | Mer. — 3 
bn | Bearings'C. I. Iielf Dep.] Bft. N Ares. | 8 Area. | 
— — — Fg OL 
| | | 
* 61.54] 
| 3-54 08.15 241.2810 | 
NE 75 [13-70] E= 66: [74760 | 
— W — l. 
NI 1410 2 E 9.65 76.56 8.8040 
2 NE 2075 10. 30 „ 78.36 8 4 | 
— App — 1 — 
| 0.00 | 86 46 | | 
i 8 29 4484.82 | 2407. 1008 
ASV. 332 [35-30] WW 7 % 97.1008} 
1 | 9 — — 1— — ———— 
8 $7 [6 260.5284] 
= 6. 3.87 [07.32 5284 
e 0 W--7.76 59.56 2p 
Mu 9.00 615 36.0400 
6 North | 9.00 0.00 4 . | 
ww | 8. 1.215370 65 08 
\ Mb 214537 5 0859 
| . 28 84 1.60 W. 5.77 48.02 | 
| | | patent: 3 | 
| 1 N 6.94 | 8 7 
| S$INW ez=(11i.60! * 94 [43.351 301.0572 | 
| | 1 — 1 — * 
8 15 39 .49 1684.1 
| 9 | Nh 364 19 * E + by 22 410244 | 
Has | 115 
10 NE 222 N 12.9352 90 683.9970 | 
. . E 2 6855 58 oY | 
———— — — — | 
11] SE 764 | s 2-75 [01-42 168.9050 | 
Sf 3 — 5.34 2 | 
1 wo. eo PR 
121 OW . 8 8 10 48 65.86 690 2128 
ns . by FT 5 — 1.40 64.46 | | 
1318 1 Ley S. 969 63.00 | 010.4700; 
KR W 1.46 6a 54 | 
1292. 3029 


[1407 0513 


110.7051 3 


Area in Acres and Decimal Part 


388.281 


r 
— — 
— 


1 
. 
144 
#14 +; 
LY 
qt. 
* 
1 
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The faregomg FieLp-Book, by a fetond 


Method. 


The Content of the foregoing Field-Book may 
as well be found by puttingtto the Weſtin 
to the Eaſtings; that is, by adding the Weine 
and ſubtracting the Eaſtings, which is plain, if you 


conceive the firſt Meridian to be on the Eaſt Side 


of the Map. Thus, 


FIELD- 


FitLD-Book. Method Il. 


Pe 237 
0. - 12 Latit. and Mer. | 
8 e Half Dep. Dit. | N. Area.] S. Area. 
TY P 1 ee 
0 | 61.54 
E : „ N 80 Hg e 
INE 7 70 3-54] 5+ 93 [194 4522 
9 — —— 48.32 
alt ee e ce lee orte 
| * | — E— 1.804472 , 
— 2 
| 3] Ealt. | 16.20 E * * 
- 8.10] 28.5 2 
SW 332 35.35 [8 29-44| 38.26 126.3744 
— Poms nat EATER ASS. IRE | 
5] SW 76 16.c [s, 3-87 [55.76 215.7912 | 
BE 8 ns ans W 7.7663. 52 11 
6 North. | 9.0 N 9006; 52 571.6800 | 
1 000 63.52 
7 | SW 84 11.60 5 1.21 69.29 
Hf be W 5.77] 75.06 
8[NW 532 11.60|N 69407970 553.1180 
LE W+ 4.64] 84.34 | 
NE 362 | 78.60 — | 
4 Pe 72.86 | 
10 NE 222 70.18 907.4274 9 
{ 11] SE 764 12.008 2.7561.66 169 5650 
© = IE 5.8455.82 | 
e SW is [rome d 10:8[ 55-22 | 609 6656 
3 3 | 10.85 * 3-48 28 62 | 599 5 
13'9W 16310. 3 96 60.08 1 
13 19 163 10.12 ds mp [2 752 
3884 40362777. 4123 
Subtract TTY — 
Content as before in Four-Poie Chains 1107.0513 | 
Ee Content in Acres 110. 70513 
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12 


Remarks on the two foregoing Methods. Sc 


1. That the Sum of the South Area Column 
in the firſt, and North Area in the ſecond, are 
the greateſt. Pie 


2. The Sum of the North Area Column in the 
firſt, added to the Sum of the North Area Column 
in the ſecond, is equal to the Sum of the South Area 
Column in the firſt, added to the Sum of the South 
Area Colunm in the ſecond. Thus, 


< @ = D 


1. N. Area Column 3185.25 16 
2. N. Arca Column 38844636 


Sum 7069.7 152 


, 


1. S. Arca Column 4292.3029 
5. Arca Column 2777.4123 


15 


Sum 7069 7162 


EO a —„— 


That if the Sum of the North Area Column 
A the firit, be added to the Sum of the South Area 
of the fecond, and this Sum be taken from a Pro- 
duct made by the Multiplication of twice the 
hole Meridian Diſtance, or twice the entire Ealt- 
ing or Weſting, into the Sum of the whole Nor- 
thing or Soutlüng, the Remainder will be the Area 
of the Survey. Thus, 


Firſt Meridian Diſtance, or the entire Eaſting 
or Weſtipg, is 61 54, the Double of which is 
p 123. 


CALCULATION. 39 
123.08; The Sum of the whole Northing or 
Southing is 57.44. Then, 


123.08 multiplied by 57.44 = 7069.71 52 


3185.2516 f 2177.4123=5962.6639 
Area of the Survey as before 1107.05123 


_—_ 
— 


4. If the Sum in the South Area Column in the 
firſt, be added to the Sum of the North Area Co- 
lumn in the ſecond, and from that Sum be ſubſtract- 
ed the former Product 7069.7 152, the Remainder 
will be the Area of the Survey. 

Sum of the South Area of the firſt 4292. 3029 


Sum of the North Area of the ſecond 3884.4636 


The Sum 876.665 


The Sum $176.7665 
The Product before found 7069.7 152 
Area as before 1107.0513 


—_—w— 1 
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THEO. . 


Men the firſ Meridian paſſes thro' the Map. 
If the Eaſt Meridian Diſtances in the Middle 5f each 


Lime be m-ultiplied into the particular Szulhhiug, 
and the Weſt Meridian Diſtances into the parti 
cular Northing, the Sum «of theſe Products vill 
le the Area file Map. 


Re. Fig. 3. 


Let the Figure ahm be a Map, the Lines ab, A. 
to the Southward, and km, ma to the North- 
ward, NAS the firſt Meridian Line paſſing through 
the firſt Station 4. | 


The Meridian 2 24d x a9 an 
Diftances Fit Nux 0 = rn = 
The Meridian YH x gx oa: Tad 
Dittances Weſt 3 Lbxga(my) $ Ares gl 


Theie four Arcas amtowtxptgl will be th: 
Arca of the whole Figure cmfawrprlc, which is e- 
qual to the Arca of the Map abkm. Compleat 
the F igute. 


The Parallelograms am and o, are made of the 
Eait Meridian Diſtances dz and iu, multiplied into 
the Southings a and ox, The Parallelograms xp 
and gi are compated of the Welt Meridian Dit- 

tances 


CALCULATION an 


rances ef and bb, multiplied into the Northings xg 
and ga( my) but theſe four Parallelograms are equal 
to the Area of the Map; for if from them be taken 
the four Triangles marked Z, and in the Place of 
thote be ſubſtituted the four Triangles marked O, 
which are equal to the former ; then it is plain the 
Area of the Map will be equal to the four Paral- 
lclograms. Q. E. D. 


THEO. v. 


If the Meridian Diſtance when Zaſt, be multipli- 
ed mio the Southings, and the Meridian Dift- 
ance when Weſt be multiplied into the North- 
mgs, the Sum of theſe leſs by the Meridian 
Diſtance when Weſt, multiplied into the South- 
inge, is the Area of the Survey. 


Plate X. Fig. 2. 
Let 2 bc be the Map. 


The Figure being compleated, tiie Rectangle af 
is made of the Meridian Diftance eq, when Eaſt 
multiplied into the Southing an; the Rectangle y& 
is made of the Meridian Diſtance a, multiplied 
into the Northing cz or yz. Theſe 1wo Rectangles, 
or Paralielograms, aftyk, make the Area of the 
Figure 4fayikd, from which taking the Rectangle 
7, made of the Meridian Diſtance tu, when Welt 
into the Southing ob or bm, the Remainder is the 
Area of the Figure df. which is equal 
to the Area of the Map. 


li Let 


242 CALCULATION. 


Let bou=Y, urib=L, ric=C, wrc=Z, aku 


K and efb =B, ade=A, I ſay, that Y+tZtB 
=KtLtA. 


SLI O, add Z to both, then Y+tZ=L+0 
+Z; but Z+O=K, put K inſtead of Z 1 O, 
then YtZ=L#+K, add to both Sides the equal 
Triangles B and A, then ITZ f B= LT KA. 
Tf hn BtY+2Z be taken from abc, and in 
lieu thereof we put LIT KA, we ſhall have 
the Figure dfobiłkd = abc, but that Figure is made 
up of the Meridian Diſtance when Eaſt, mul- 
— into the Southing, and the Meridian Diſ- 
tance, when Weſt, multiplied into the Northing, 
leſs by the Meridian Diſtance, when Weſt, multi- 
plied into the Southing. Q. E. D. 


COROLLARY. 

Since the Meridian Diſtance (when Weſt) 
multiplied into the Southing, is to be ſubſtract- 
ed, by the fame Reaſoning the Meridian Dit- 
tance when Eaſt, multiphed into the Northing, 
muſt be alſo ſubſtracted. 

sc HOL IU 


From the two preceeding Theorems we learn how 


to find the Area of a Map, when the firſt Meridi- | 
an paſſes through it; that is, when one Part of the 


Map lies on the Eaſt and the other on the Welt 
Side of that Meridian. Thus, 


PUuLlEk, 
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RULE. 


The Merid. ) Eaſt ; multiplied g Southings 
Diſt. when 5 Weſt into the INorthings | 
their Sum is th Area of the Map. 


But, 
The Merid. q Eaſt } multiplied P 
Diſt. when. N Weſt into the N Southin ; 


the Sum of theſe Products taken from the former, 
gives the Area of the Map. 


Theſe Theorems are true, when the Surveyor 
keeps the Land he ſurveys on his Right Hand, 
which we ſuppoſe thro” he whole to be done; but it 
he goes the contrary Way, call the Southings Nor- 
things, and the Northings — and the ſame 
Rule will hold good. 


From what has been demonſtrated in Theo. 2. 
of this Section, it is plain, that if a Map lies to the 
Eaſt of the firſt Meridian, the Meridian Diſtances 
encreaſe when the Departures are Eaſt, and decreaſe 
when Weſt. And again, if the Map lies to the 
Weſt of the firſt Meridian, the Meridian Diſtances 
increaſe with Weſt Departures, and decreaſe with 
Eaſt; from whence this general Rule for Meridian 
Diſtances may be inferred. 


1. The Meridian Diſtance and Departure, botl: 
Faſt, or both Weſt, their Sum is the Meridian Dit- 
tance of the ſame Name. 


2. The Meridian Diſtance and Departure of dii- 
* Names, that is, one Eaſt and the other Weſt, 
their Difference is the Meridian Diſtance, of the ſame 

Name with the greater. 


11 2 Thur 


ws CALCULATION 


Thus in the third Method of wy the Area, as 
in the following Field-Book. 


The firſt Departure is put oppoſite to the North- 
ing or Southing of the firſt Station, and is the firſt 
Meridian Diftance of the fame Name. Thus if 
the firſt Departure be Eaſt, the firſt Meridian Dif- 
tance will be the ſame as the Departure, and Eaſt al- 
— ard if Weſt, it will be the fame Way. 


The firſt Meridian Diſtance 6.61 E 
The next Departure 6.61 E 


The ſecond Meridian Diſtance 13.22 E 
The next Departure 1.80 E 


The third Meridian none 15.02 E 


At Siation 5, the Meridian Diſtance 4 5 78 E 
The next Departure 7.76 W 


The next Meridian Diſtance 1.98 W 


At Station 11, the Meridian Diſtance o. 12 W 
The next Departure 584 E 


The next Meridian Diſtance 872 E 


Plate X. Fig. 3• 


In the zth and 11th Stations the Nleridian Dit 
:ances being leis than the Departures, and of a co. 
rrary Name, the Map will croſs the firſt Meridian, 
che zth Line, from the Eaſt to 

the 


antt will paſs as in 
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the Weſt Side of the Meridian; and in the 11th 
Line it will again croſs from the Eaſt to the Weſt 
Side, which will evidently appear, if the Field- 
Work be protracted, and the Meridian Line paſ- 
fing through the firſt Station, be drawn through 
the Map. 5 

The Field-Book caſt up by the Third Method, 
will be evident from the two foregoing Theorems, 
and therefore requires no farther Explanation ; but 
to find the Area, by the 4th Method, take this 


Ru L R. 


When the Meridian Diſtances are Eaſt, put the 
Products of North and South Areas in their proper 
Columns; but when Weſt, in their contrary Co- 
lumns; that is, in the Column of South Area, 
when the Difference of Latitude is North; and in 
North Area when South: The Reaſon of which is 
plain, from the two laſt Theorems. The Difference 
of theſe two Colums will be the Area of the Map. 


By comparing the Area of the Field-Book by the 
two firſt and the two laſt Methods, it is plain, that 
the Column of Deductions of the two laſt, are 
much leſs than either of the two former, and con- 

ſequently the Multiplications eaſier, as they conſ'ſt 
of leſs Figures. Sometimes it will happen that 
there are no Deductions, but all the Area will ſtand 
in one Column, which cannot kappen in either of 
the two former fethods. 
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No. wt Tadic. and, Mer. . 
Ita. Bearings C. L Ulk Dep. | Diſt. Deductio 
1221 — — 1 3 — of 
2.701N 6.61 E| | 0 a 
, ban 75 13.70 8 225 hoy 23-3994 
>| NE 2041030] E. 2.80| 1682 f (449430 
1 | 0.00} 24 92 
: Eaſt 16 200 E. . 10 33.02 E 
b | — 
| 8 2944|23-29E1685.3632 
SW ; 9 44 5-303 
$1 S 387| 5-73 E| 22.3686 
5| SW 76:6.00/W 776 1.98W| 3 
| 6] North | goo . * 18805 17.8200 
| a Sn. 7.75W — | 
7 a 84 11.60 W---5.77 [13-52 5 79 
=! | IN 694{18-16W| — 
| 8 NW 535i11.60 ID - 21 80 126.0304 | 
3 | | | 
B, | NE 3649 20 5 . OW 252.33 
"FT PR mapa ar 
x! 12.93] 8.64 Whirnt.org2] 
| o NE 221 0E 2 68 30 w 7152] 
ir | SE 764 [12 ooh 7 - wee” 0.33 
— | . I , | | | 
12 | o.'S 104%] 432K [ 45-2736] 
12 SW 15 55 9-140 Taal | 45-273 
3285 3 — — — 
13 * 164 15.52 5 14.1474 
| 1235.1012 
| 17,0499 
3 _Content as before in Chains 1107.0513} 


The foregoing FitLD-Book, Method IV. 


It is needlefs here to inſert the Columns of Bearing or 
Diftances in Chains, being the ſame as before. 
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| Latit.and 
Falf Dep. 


Mer. 
Diſt. 


6 61 E 


15. 02 E 
16.82 E 


E 5.84 
| 8 10.48 
| 1.40 


13.22E | 


N Area. | S Area. 


23.3994 


* — — 
— — — > — 
— —u—— - — 
I ” 


| 


— — 


144 9430 


— 


2» 


9.3775 


| 126.0304 


262.3828] 


n 


456.2736 


— — — 


| 14.1474 


| 


Area in Chains as before 1 


—— 285.1012 


| 1-8 ©4099! 


+ 
- — 
b. on; 


— ct a 
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The Conflruftion of the Map from either 
The zd or 4th Tables. } 


Plate X. Fig. 3- 


Draw the Line NS. for a North and South Line, 
which call the firſt Meridian; in this Line aſſume 
any Point, as 1, for the firſt Station. Ser the 
Northing of that ſtationary Line which is 3.54 
from 1 to 2, on the ſaid Meridian Line. Upon 
the Point 2 raiſe a Perpendicular to the Eaſtward, 
the Meridian Diſtance being Eaſterly, and upon it 
ſet 13.22, the ſecond Number in the Column of 
Meridian Diſtance, from 2 to 2, and draw the Line 
1 2, for the firſt Diſtance Line: From 2 upon the 
firſt Meridian, ſet the Northing of the ſecond ſta- 
tionary Line, that is, 9.65 to 3, and on the Point 
3 erect a Perpendicular Eaſtward, upon which 
| tet the Meridian Diſtance of the ſecond Station 
16.82, from 3 to 3, and draw the Line 2 3, for 
the Diſtance Line of the ſecond Station. And 
ſince the third Station has neither Northing ner 
Southing, ſet the Meridian Diſtance of it 33.02, 
from 3 to 4, for the Diſtance Line of the third Sta- 
tion. To the fourth Station there is 29.44, ſouth- 
ing which ſet from 3 to 5; upon the Point 5 erect 
the Perpendicular 5 5, on which lay 13.54, and 
draw the Tine 4 5. 


In the like Manner proceed to ſet the Northings 
and Southings on the firſt Meridian, and the Meri- 
dian Diſtances upon the Perpendiculars raiſed to the 
Eait or Weſt; the Extremities of which connected 
by Right Lines, will compleat the Map. 


A Map may be in like Manner conſtrued from 
the firſt or ſecond Tables. | 
A TABLE. 
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A TABLE of Difference of Latitud: 


and Half Departure, or of Northims, South- 


img, Half Faſting, and Hull Weſtins, 15 
every Quarter Degree of the mpass; the 
Diſtance being ſuppꝛſed ts be One Feur-Pole 
Chain. | 
eg: Qs. NS EW. Deg NI L V. 
©, | 1.0000] .000c 6. „ 0522 
| I ; 1.0000] .0022 | 1 | 9940 0544 | 
. 2 | 1.0000] . oog 2 | -9936] .o566 
| 3 | -9999} „0065 3 | -99zt] 058; 
1. o©o 9998 0087 7. 0 9925 00 
11 .v997] .010y | 1 | .9920f .0631 
| 2 | 99961 .cr3i] | 2 | 9140652 
| 3 | -9995] -9153] . 
2. o 9994 | 0175 9. o 9903 0696 
9992 0195 | 1198961 717 
2 9990 0218 2 989 c 9739 
| 3 | 99881 0240 | | 3 | 98831 .07%0 
|— | 0 
3. O } -9986] .o262] 9. © 9877] 0782 
| i | 9984] 0283 | 19870 o 
2 9981 0305 21 97631 .o825 | 
| 3 | 978 .0327 | 3 | 3855} 547 | 
1 I _——— 
4 9 | 9975 .0349 10. © | 954810868 
I | .0972] 0370 t | 9840] 0889 
| 29969 0392 | 2 | .9532] .0911 
3 | -99et]} 041g] | 3 | 9824 0933 
5. 7 | 96621 .0436 it. © | 98160964 | 
| tf 9955] .0457 | 19808 0975 
| * | 9954] 0474 2 9799 o 
Eel 99 %%! o | 3 97901018 
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Deg. Qrs. N. S. | E. W Beg. Us N. & TE. W. 
12. © | 97811039 21. © | 9336 1792 | 
11 .9772 | .106! : | 9320. 1812 
2 | .9763 | 1082 293041832 
3 | -9753 | .1103 3 | -9258 | .1852 
13. © 97441124 „ 9272 .1873 | 
| 1 | 97341146 t | 9255 | .1893 
2 | 9724 | .i167 | 2 | .9239 | .1913 
3 | 9713 | .1188 3 | -9222 | .1933 | 
14. © | -y703 | -2209 23. © | .9205 | .1953 
| 1 | 86921231 | 1 | 9188 | ,1973 
2 | 9681 | .1252 | 2 | .9171 | .1993 | 
| 3 | -9670 | .1273 | 3 9153} .2013 
15. © .9659 12944 | 24 © | 9135 | .2033 
1 | .9647 | .1315 1 | 9117 | .2053 
2 | -9636 | .1336 | 290992073 
31952441357 31 90812093 
16. 09613 1378 25. © | 90632113 
| t | .g600 39% | 1 | .go4z | .2133 
2 | .9588 1420 | 2 9026 2152 
318576144 3 | 9000 | .2172 
| 17, © | .9563 | .1462 26. 0 .8988 2192 | 
„„ 1 | 8968 | .2211 
2 | -9537 | -1503 | 2 8949 2230 
3 | 941-28]. | 38929 2250 
18. 0 9510 | .1545 | #7... - © 8910 2270 
14 9497 1566 | 1 8390 | .2289 | 
| 294831586 2 j 8870 | .2308 
3 | -9469 | .1607 | MM | .8850 | .2328 
N | 1 | ny 
| 19. © | .9455 | .1627 | 25.- © | 8829 2347 
| 11 9141 | .1648 | i | .3S09 | .2366 
7 | -y420 | .166 2 8788 |] .2335 
| 3 ] -$412 1689 3 | 3767 2405 
| 8 9397 ' 1710 29 0 8746 | 2424 
) 14 9382 1730 14 S725 | 2443 
| 2 | 9366 | .1751 | 238703 | .2452 
3 1 9351 + .1771 2 18682 248 | 
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Deg. . N. S. E. W. 


39. ©o| -777* | -3146 
1 | -7744 | -3163 
2 | -7716] 3180 
3 | -76088] 3197 
40. © | -7660| 3214 
| 1 | -7632 | 3230 
2 | -7604 | 3247 
| 3 | -7575 | -3203 
41. © | -7547 | -3280 
115181 -3296 
27489 3313 
3 | 7 -3329 
42. o | 7431 | -3345 
1 74021 3301 
2 | -7373 | 3378 
| 3 73431 3394 
43. © | 7313 3410 
| 1 | .7282 | .3426 
2 | .7254 | -3441 
144 © | -7192] -3473] 
| i | 71631 3489 
| 2 | -7132 | 3504 
3 | .7102 | 3520 
45. 070 3535 | 
| : | .7041 | .3551 | 
| 2 | -7009 | -3560 
| 2 6978 | 3581 
145. © | 6946 3596 
13 151 3612 
2 | 6883 | 3627 
I 6852 | .3042 
47. o | 6820 3556 
1 | 6788 -3671 
2 6756 3686 
Laer 
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1 87 4995 
5700 1 4103 
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3502 41; 
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58 0 

| I 

1! 2 

| 3 

| 59. O 

| 1 
| os 

| 3 


Go. © 
1 
2 
| 3 
| 6. © 
l 
| 2 
| Z 
3 
| 62 «) 
ö x 
' 2 
| 3 
| 63 C 
| 0 
3 
| 2 
j 7 1 7 


153. N. 8. F. W. Deg T. N E 
— —_— | 1 | 1 
* 3 . | —— — 

| 66. oe cs, 4567 75 0| 28588 4820 

12546 4835 


2504] 43840 


| | 
bf -4027f} +4576 | 1 
| 2 
| 4 ; 8 
] 3 | 2401 | 446 | 


2} -3947; -4594} 


67 © 30071 4602 A ; | 
l '| — 4 If; of 2419 4851} 
| 7} 3927 46:9] 1 4556] 
3 27861 4627 | 3 
— — aA, 3} -2292} 4857 
68. O 3746 46 6 % | p — | —— 
| es — 1 5 . 4572) 
: 4 pe Ge 405 2 | ; l 425 
3 26271 2 | 2} 2164 4381 
Bi 3024 400 | 3] -212a] 45 
69 o 358 f. 4668 I * 
| a 1-7 2079] 4299) 
| 2, -3502| -4683] HM. 199 | * 
| 3. -3401] 4696 | . . 
| 3 3] 1951 4904 
70. ol 442 608 | 
7 23120] 4598 0 | 
"AM T1082 
2} 3338 47¹3 | : I 5 952 
| 1 3 | 2] -1522] 4916 
ü I; 3297 4720 3 I 3 
— . — eee 1779 4920 
7. % 32550 4727] 8 of 17 1 
1 3214] - o7 5 00 
2| 3473] -4741 1 
| 3j 3131 -474 | 5 
1 yu | 3] -1607] 4935 
72 of .zogo| .4755] | Heres pagan 
r 4935} 
| | 2007 68 | "EY | 49414 
| - 3007 7s | 2] -1475] 4945 
* — 4350 4945 
73. of 292 4781 2 | 3 - | 
11 2892 1588 1 I 2 4950} 
| 2] 2340 4794 | 2 _ _ | 
3] U 4 | 3] -1262 4000 
5 1 | 
* of 9 4 |%: of oily axbol 
4 2672 4512] | : TY = 
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264 A Table of Latitude and Departure. 
Deg. N 8. E N |Deg Qu 
—— ä üũ᷑ä 8 — 
ZE A. 1045| 4972 0 
1] 1002 4974 11 
| 2| 909580 497 2 
| 3] -o915] 4979 3] 
85. ol 0871 -4981 88. 0 
| 1] .o828 4923 | I 
| 2| 0784] -4984] 2 
3] -0741] -49860] | 3 
86. o] 0697 4988 89. 0 
1 0654] 4989 1 
2] 0610 4990 2] 
3 .og66] 4992] [ 3 
. 90. 0 
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A TABLE for changing Degrees taken 
by the Circumferentor to thoſe of the 
Quartered Compaſs, and the contrary. 


| Degrees 
| Cir. QC. 


| Degrees | 


"Ir. A 


2.56 Aube for changing Degrees, &c. 


| Degrees | De | Degrees 


A Table for Changing Degrees, &c. 257 


The above Table is fo plain in itſelf, that it 
needs no further Explanation than this, that Cir. 
at the Top of the Column ſtands for Circumfe- 
reator, and Q. C. for Quarter d Compals. 2 


258 To perform the foregting Table by Numbers. 


To change Degrees of the Circumferentor to thaje of the 
Quarter'd Compaſs, without the foregoing T able, and 


the contrary. 


1. If the Degrees are leſs than go, they are that 
Number in the NW Quadrant. 


2. If the Degrees are between go and 180, take 
them from 180, and the Remainder 1s the Degrees 
in the SW Quadrant. 


3. If the Degrees are between 180 and 270, 
take 180 therefrom, arid the Reſidue is the Degrees 
in the SE Quadrant. 


4. If the Degrees are between 270 and 360, - 
take them from 360, and the Remainder 1s the De- 


grees in the NE Quadrant, 
5. 360 is N, 180 is 8, go is W, and 290 is E. 


ExAU Lx. 


1. Change 564 taken by a Circumferentor, to 
Degrees of the — Compals. 


Anſwer NW 56 


2. Change 126+ to Degrees of the Quarter d 


180 
1264 


3. Change 


To perform the foregoing Table by Numbers. 259 
3. Change 234*s to Degrees of the — 0 


Comp. 180 10 
ein 
Anſwer SE val 16 


4. Change 324˙ to Degrees of the Quarter'd 


Compals. 
360 


3243 
Anſwer NE 355 


The contrary of the former. 


Again to change Degrees taken by the Quarter'd 
Compaſs to thoſe of the Ci rcumferentor., 


1. If the Degrees are in the NW Quadrant, they 
are a hke Number by the Circumferentor. 


2. If the Degrees are in the SW Quadrant, take 


them from 1 80, for the Degrees by the Circumfe- 
rentor. | 


3. If the Degrees are in the SE Quadrant, add 10 
them to 180, their Sum will be thoſe for the Circum- 4 
ferentor. 


4. If the Degrees are in the NE Quadrant, take 
them from 360, the Remainder will be thoſe for the 8 60 
Circumferentor. 140 


5. Nis 360, S180, W go, and E 270 Degrees. MY | 


This is fo plain it requires no Example. 
Ll 2 


Having 
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Having the Angles of the Field taken by a Theo- 
dolite, Semicircle, or Plane Table given, to reduce 
them to Angles from the Meridian, or to thoſe taken 
by the Circumferentor. 


HE Angles of the Field, with the Bear- 
ing of the fuſt, or any other ſtationary 
Line from the Meridian being given; the Bearings 
of all the other ſtationary Lines may be found by 
theſe two Rules. - 


RuLE I. 


If the Angle of the Field at any Station be more 
than 180, take 180 from it, and add the Remainder 
to the Bearing at the foregoing Station ; the Sum it 
leſs than 360 will be the Bearing at the preſent Sta- 
tion or of the next Line : But if the Sum be more 
than 360, take 260 from it, and the Remainder will 
be the preſent Bearing. 


RuLe II. 


If the Angle of the Field be leſs than 180 
take it from 180, and from the Bearing at the 
foregoing Station take the Remainder, and you 
will have the Bearing of the preſent one : But 
if the Bearing at the foregoing Station be lels 
than the firſt Remainder, to this foregoing Bear- 
ing add 360, and from that Sum take the firſt 
Remainder, and this laſt Remainder will be the 
preſent Bearing. An Example will render this 
Matter familiar and eaſy. 


Required to change the following Angles of the 
Field, to Bearings of the Needle from the North, 
the Bearing of the firſt ſtationary Line being 571 


[ 26x ] 


N g Puch. The Manner of finding the Bearings. — . 
— . — — — — — —ä— —— mY 


i i5cf f | 
— 200—1 80 = 20, 262 ＋— 20 | 28 
270 70 180 90, 282-90 = 372, 37 2—360= 12 
R 80 1 122360 = 372, 372— 1002 
80-98-82. 272—32= 
b - 180-100 80, 190—80= 
230 30-180 50, 3 110 

80-9090, 1 0-90 | 
go tS0—82=93, (70—82)==360+-70 —9 = 2 
1911691—180 8 11.113322 343) 1 
= 180—1 20 = 60, 343—60 == | 283 11 | 
180—159 = 21, 283— 21 a 


— 


| ** um of the Angles in the Field 


n 


— 3 — 


The laſt found Bearing being the ſame as that 
taken at the firſt Station by the Needle, ſhews 
that all the Angles of the Field were truly taken. 


Ihe like we may alſo be confirmed of by adding 
up the Angles of the Field ; for if their Sum be equal 
to twice as many right Angles as there are Stations 
or Sides in the Figure leis by 4, they are truly 
taken. By Scholium, P. 157. 8 
22 twice the Number of Stations 
4 


18 Right Angles 
99 


620 Sum of the Angles 


n 


— 


Having found the Bearings from the North, os 
by the Circumferentor, the Bearings by the Quar- 
ter'd Compaſs are eaſily obtained as before. And 


this 
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thus a Map can be more accurately protracted than 
from the Angles of the Field, and its Area may be 
had by Calculation. 


If you have all the Angles of the Field withou: 
any Bearing given, you may in the like Manner re- 
duce them to Bearings, which will anſwer for Protrac- 
tion by Parallels, by finding the Area by Calculz- 
tion; by ſuppoling the Bearing of the firſt ſtationary 
Line to be any Number leſs than 360, and thence 
you may allo know, if the Angles of the Field be 


truly taken. For though the Bearings of the ſeveral 


ſtationary Lines be falſe ones, yet the Map will be 
equal in all Reſpects to one protracted from Bearings 
taken by the Needle, and therefore the Area of 
each will be the tame : But you will be at a loſs for 
the Situation of the Land ſurveyed, with reſpect to 
the North, South, Eaſt, and Weſt Points of the 
Compaſs. | 


The foregoing Rules demonjlrated. 
Plate XI. Fig. 1. 


Let i, 2, 3, 4, 5, Sc. repreſent a Plot of 


Ground, and let the Lines NS paſſing through every 
Station repretent Meridian Lines. 


The Arc NSo at the firſt Station, will be the Bear- 
ing of the Line 1 2, from the North, as if taken by 
the Circumterentor, which Arc is equal to the Arc 
Nr Sq at the iecend Station, made by producing 
the Line 1 2, from the Parallel Poſition of the 
| Needle. Ard the Arc rSqo at the ſecond Station, — 
r5q which is a Semicircle, is 0q, but NrSq, which 
was ſhewn to be equal to the Bearing at the firſt 


Stationfoq=NrSqo, which will be the Bearing of 
Thus 


the ſecond ſtationary Line. 


Sn. ad. nd foods *% 
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Thus if from rSqo 2005, the Angle of the Field 


at the ſecond Station, rSq = 180? be taken, the 


Remainder oq will be 20%. But NrSq = 262* the 


Bearing of the firſt ſtationary Line oq, which is 
20% = NrSoq = 282, the Bearing of the ſecond 
ſtationary Line. 


Again at the third Station NrSq = NrSqo, the 
Bearing of the ſecond ſtationary Line, and rSqNo 
the Angle of the Field at the third Station; if then 
from it the Semicircle rSq be taken, the Remainder 
will be qNo, to which if NrSqo be added, the 
Sum will be the entire Circle + No, therefore if 


mainder No will be the Bearing of the third ſtatio- 
nary Line, Sc. Q. E. D. 


All the reſt will be manifeſt with little Conſider- 


ation when every Line is continued, and the Circles 
drawn as in the Scheme. 


SECT. 


the Circle, or 360, be taken therefrom, the Re- 
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Containing the Nature of Off-ſets and Interſeftions. 

the Methods of enlarging, diminiſhing, and con- 
netting Maps, with the Method of tracing the 
Down (or any other) Surveys. Alſo the Vuria- 
tian of the Compaſs and its Uſes in Surveying. 
How to reduce one Meaſure to another in ſix 
Problems, with three other very uſeful Problems; 
and the whole concludes with ſome neceſſary Derec- 
tions concerning Surveys in general. 


WOT FF.-.SETAS5 


N taking Surveys it is unneceſſary and unuſual 
to make a Station at every angular Point, be- 
cauſe the Field Work can be taken with much 
greater Expedition, by uſing Off- ſets and Interſec- 


tions, and with equal Certainty. 


Off. ſets are perpendicular Lines drawn or mea. 
ſured from the angular Points of the Land, that lie 
on the right or left Hand to the ſtationary Diſtance. 
thus, 


Plate XI. Fig. 2. 


Let the black Lines repreſent the Mearings of a 
Farm or Town-Lard: Ard let 1 be the firſt Sta- 
tion 
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tion, then if you have a good View to 2, you omit 
the angular Points between 1 and 2, and take the 
Bearing and Length of the ſtationary L. ine 1 2, and 
inſert them in your Fie ld-Bock : But in chaining 
from 1 to 2, ſtop at 4 oppoſite to the angular Point 
a, and in your Field-Book inſert the Diſtance from 
1 to d, which admit to be 4C. 25L. as well as the 
Meaſure of the Off-ſet ad, which admit to be 1C. 
12L. thus: By the Side of your Field-Book in a 
Line with the firſt Station ſay, at 4C. 25L. 10. 


12L. that is, at 4C. 25L. there is an Off- ſet to the 


left Hand of 1C. 12L. 


This done, proceed on your diſtance Line to e, 
oppoſite to the Angle b, and meafure eb, ſuppoſing 
then re to be 7C. 40L. and eb 3C. 40L. Say (ſtill 
in a Line with the firſt Station in your Field-Book) 
at JC. 40L. Lz3C. 40L. that is at 7C. 40L. there 
is an Off- ſet to the left of 3C. 40L. proceed then 
with your diſtance Line to f, oppoſite to the Angle 
e, and meaſure fe; ſuppoſe then if to be 13C. and 
tc 1C. 25L. ſay in the ſame Line as before, at 13C. 
Li C. 25L. Then proceed from f to 2, and you 
will have the Meaſure of the entire ſtationary 
Line 1 2, which inſert in its proper Column by the 
Bearing. 


In taking Off-ſets, it is neceſſary to have a Perch 
Chain, or a Staff of half a Perch, divided into 
Links for meaſuring them ; for by theſe Means the 


Chain in the ſtationary Line is undiſturbed, and the 


Number of Chains and Links in that Line from 
whence, or to which, the Off- ſets are taken may be 
readily known. 


Having arrived at the ſecond Station if you find 
Your View will carry you to 3, take the Bearing 
tom 2 to 3, and in meafuripg the Diſtance Line, 


M m ſtop 
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flop at 1 oppoſite to g; admit al to be 4C. 101. 
and the Off-ſet Ig 1C. 2oL. then in a Line with 
the ſecond Station in your Field-Book, ſay at 4C. 
toL. RIC. 20L. that is the Off-ſet is a right Hand 
one of 1C. 200. Again at m, which ſuppoſe to be 
10C. 2;3L.. from 2; take the Oft-fet mh of 1C, 
15L. and in a Line with the ſecond Station tay, at 
roC. 25L. RIC. 15L.. In the fame Line when you 
come to the Mearing at 1, infert the Diſtance 21, 
13C. 10L. thus, at 13C. 10L.o; that 1s at 130. 
10L. there is one Off- ſet. At n, which is 15C. from 
2, take the Off- let nk 45 L. and ſtill oppoſite to the 
ſecond Station lay at 15C. L45L. 


Let the Line 36 repreſent the Mearing, which by 
Means of Water, Bryars, or any other Impedi- 
ment cannot be meaſured. In this Cate make one 
or more Stations within or without the Land, where 
the Diſtances may be meaſured, and draw a Line 
from the Beginning of the firſt to the End of the 
laſt Diſtance thus: Make Stations at 3, 4, and 5, 
taking the Bearings, and meaſuring the Diftances 
as uſual, which inſert in your Field-Book, and draw 
a Mark like one Side of a Parentheſis from the third 
to the fifth Station, to ſhew that a Line drawn from 
the third Station to the fartheſt End of the fifth fta- 
tionary Line will expreſs the Mearing. Thus, 


No. Sta. Deg. 8 
1 1722 5.45 
4 200 13-25 
\s5 250 3.36 


Suppcfe the Point p of the Mearing to be inac- 
cettibie, by Means of the Lines 6p or py, being 
overflowed, or that a Quarry, Furze, Sc. might 
prevent you taking their Lengths : In this Cate 
take the Bearing of the Line 67, which inſert op- 

poſtc 


polite to the ſixth Station in your Ficld-Book with 
the other Bearings; then direct the Index to the 
Point p, and inſert its Bearing on the left Side of the 
Field-Book, oppolite to the lixth Station, annexing 
thereto the Words, ut. for Mearing , and having 
meaſured and inſerted the Diſtance 6 7, tet the In- 
dex in the Direction of the Line 7p, and inſert its 
Bearing on the left of the ſeventh Station of the 
Field-Book, annexing thereto the Words Int. for 
Mearing; the Croſſing or Inter ſection of theſe two 
Bearings will determine the Point p, and of courſe 
the Mearing 657 is alſo determined. 


If your View will then reach to the firſt Station, 
take its Bearing, ftationary Line, and Off- ſets, as 
before, and you have the Field-Book compleated. 
Thus, 

The FIE L D-BO OK. 


Remarks and Interſect. So. Peg. C. I. | OFF-SETTS. 


— — 
—— — 


313 Int. to a Tower | 1 [358 22.12 4. . 

| 1 12L. at 7C. gol. J. 

| 3 qo. at r3C £ 
8 | oC. 2560. 

2312 Int. to Ditto. 2 [2972 21.12 At 4C. 10L. RIC. 20L. 

| at 10(,. 25h. RIC. 


— wa — — 


153 L. at 130. 10L o. 
at 150. L. 45L. 


1 


( 3 [172z; 5-45 
4 1200 | I 3.25 
a 5 [2509 | 3-36 
1555 Int. for Mea ing 6 [125 | 15.15 
274 Int. for Mearing | 7 [1054 15.10, 4: 10. 20l. L 2C. 20l. 


32L at 11C. 25L, 
o at12C. 23L.R36L. 


at 7C. 45L L 2C. 
Cloſe at the tuft Station. 


If you would lay down a Tower, Houſe, or any 
other remarkable Object in its proper Place; from 
| Mm 2 any 
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* 8 5 i +101 15 dale TINS in N. 88 
t: lutcricction will determine the a ER 
you are tO inlert it, in the Manner that tue . 7 


is ſet out in the Figure, fre m the Interſections tak en 
at the firſt and ſecond Statious of the above Picld- 


Book. 


A Protraction of this will render all plain, on 
which lay off your Off-tets and Inter ſections, and 
proceed to find the Content by any of the Methods 
in Section the gih. 


The foregang Field-Book may be other <je kept 1.5 - 


9 


emarks and Interſection | | Deg. | Otf-tet | C. J. Otf-ſet 
i Hog | Cc | | . * | E. L. | 


318 Int, to a Tower | 1 355 | 1.12 | 4-3 
| | | 3.40 [7-4 | 
| BE 2.2 30 


| | | | th | 
2534 kat. for Dia | 22974 [| 410} 120 


t. 201 (26134109 


=; nt. % Venting 


Colt at the firſt Station. 
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Floto to caſt up Off-ſets by the Pen. 
Plate XI. Fig. 2. 
12—1f = 2f, if —te=fe, 1e—1d=ed. 


Then 1d x Adar da, by Prob. 6, Page 182, 
and + ed x dateb=adeb by Lemma, Page 226, 
allo 2 fe x ebtfc = befc, and f x + fe=cf2; the 
Sum of all which will be 1abc21 ; the Area con- 
tained between the ſtationary Line 12, and the 
Mearing, 1 abc 2. 


In the ſame Manner you may find the Area of 
2thg2, of ik gi, as well as what is without and with- 
inſide of the Stationary Line 71. 


If therefore the left Hand Off: ſets exceed the 
ight Hand ones, it is plain, the Exceſs muſt 
be added to the Area within the ſtationary Lines, 
but if the right Hand Off- ſets exceed the left- 
Hand ones, the Difference muſt be deducted 
from the ſaid Area; if the Ground be kept on 
the right Hand as we have all my ſuppoſed , 
or in Words thus, 


To find the Contents of Of-ſets. 


From the Diſtance Line, take the Diftance to 
the preceeding Of<ict, and from that the Diſtance of 
the one preceeding it, Sc. in Four-Pole Chains; fo 


will you have the reſpective Diſtances from Off ſet 


to Oſf-ſet, but in a retrograde Order. 


2. Multiply the laſt of theſe Remainders by * 
the firſt Off-ſet, the next by * the Sum of the 


firſt 


0 
* 
Li 
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firſt and ſecond, the next by half the Sum of the ſe- 
cond and third, the next by half the Sum of the 
third and fourth, &c. The Sum of theſe will be 
the Area produced by the Off- ſets. 


Thus, in the foregoing Field-Book, the firſt 
ſtationary Line is 22C. 12L. or 11C. 12L. of 4 Pole 
Chains. See the Figure. pie 

. 8 8 

From 11. 122 1,2 6.50=1f 3.90 ie 

Take 6.50=1if 3.90 ie 2.25 81 


4.62=2f 2.60 1.65=ed 


C. L. 

14=2.25x 32L. half the firſt Off-ſet= 7200 

ed=1.65x1C. 26L. ⁊ the Sum of the 1. & 2d 2.0790 

ef = 2. 60 Xx 1C. 32L. = the Sum of 2d & 3d 3. 4320 

2f = 4.62 x 3) L. half the laſt Off- ſet 1.7094 

Content of left Off- ſets on the firſt Diſt, ——— 
in Square Four-pole Chains 7.9404 


In like Manner the reſt are perform'd. 


The Sum of the left Hand Off-ſet will be 14.0856 
And the Sum of the right Hand ones 3.6825 


Exceſs of left Hand Off- ſets in Squ. 4 Pole C. 10.4031 


Acres 1.04031 


— 


16124 
4 


Perch 6.449 


Exceſs of left Hand Off- ſets above the right Hand 
ones, 1 A. OR. 6P. to be added to the Area within 
the ſtationary Lines. 7 
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How to find the Area of a Piece of Ground by 
Interſeftions only, when all the Angles of the 
Field can be ſeen from any two Stations on the 
vat Side of the Ground. 


Plate XIT. Fig. 1. 


E T ABCDEFGA be a Field, H and I two 
Places on the out Side of it, from whence an 
Object at every Angle of the Field may be ſeen. 


Take the Bearing and Diſtance between H and 
I, and ſet that at the Head of your Field-Book, as 


in the annexed one. Fix your Inftrument at H, 


from whence take the Bearings of the ſeveral an- 
gular Points, A, B, C, D, Fc. as they are here re- 
preſented by the Lines HA, HB, HC, HD, Se. 
Again fix your Inſtrument at I, and take Bearings 
to the ſame angular Points, repreſeated by the 
Lines IA, IB, IC, ID, Sc. and let the firſt Bearings 
be entered in the ſecond Column, and the ſecond 


Bearings in the third Column of your Field-Book : 


Then it is plain that the Points of Interſection, made 
from the Bearings in the ſecond and third Columns 
of every Line, will be the Angular Points of the 
Field or the Points A, B, C, D, Sc. which Points 
being joined by right Lines, will give the Plan 
APCDEFGA required, 
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Bea. 180 Di 28C. of the Sta. H an dl. 


| 


1 


ä i 


| No. {Bear | f 


| Bear. | 


2612 
| 2654 
248 


| 2283 | 


2152 
| 2082 


3311 

3173 
3074 
289 
2622 
2862 


220 | 300 


The fame may be done from any two Stations 
within-ſide of the Land, from whence all the An- 
gles of the Field can be ſeen. 


This Method will be found uſeful in Caſe the 
ſtationary Diſtances from any Cauſe prove inacceſſi- 
ble, or ſhould it be required to be done by one Party, 
when the other whoſe Poſſeſſion it is, refuſes to 
admit you to go on the Land. 


To find the Content of a Field by Calculation, whick 
was taken by luterſection. 


In the Triangle AIH, the Argles AHI, AIH, 

and the Bate Hl being known, the Perpendicular 
Aa, and the Segments, of the Baſe Ha, Al may be 
obtained by Trigonometry : Andin the fame Man- 
ner 5 the other Perpendiculars Wh Cc, Dd, E: 
Ef, Gg, and the ſeveral Segments at h, c, d, e, /, * 
£: If therefore the ſeveral Perpendiculars be ſup - 
poſed to be drawn in the Scheme, / which are here 
omitted to prevent Contuſion ariling from a 
Multiphaty of Lines) it is pla that if from 


RCD E. 4 
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IBCDEeb, there be taken BAG Feb, the Remainder 
will be the Map ABCDEFGA. 


As before, Half the Sum of Bb, and Cc, multi- 
plied by bc, will be the Area of the Trapezium bBCc, 
after the fame Manner, Half the Sum of Cc, and 
Dd, multipi1ed by cd, will give the Arca of the Tra- 
pezium cCDd,; and again, Half the Sum of Dd, and 
Ee multiplied by de, gives the Area of the Trape- 
zium 4DEe; and the Sum of theſe three Trapezia 
will be the Area of the Figure bBCDEe. 


Again, in the ſame Manner, Half the Sum of bB, 
and a4 multiplied by ab, will give the Area of the 
Trapezium bBAa; and Half the Sum of aA, and 
2G, by ag, gives the Trapezium aAGg, to theſe 
add the T rapezia gGFf, and fFEe, which are found 
in the like Manner, and you will have the Figure 
bBAGFEeb, and this taken from 4BCDEeb, will 
leave the Map ABCDEFGA. Q. E. F. 


It will be ſufficient to protract this Kind of Work, 
and from the Map to determine the Area, as well 
as in Plate X Fig. 3. to find the Areas of the Pieces 
24563, and 6p76, from Geometrical Conſtructions. 


Hiw to determine the Station where a Fault b1: 
been committed in a Field- Book, without the 


Trouble of going round the whole Ground a ſecona 
Time. _ 


From every fourth or fifth Station, if they be not 
very long ones, or oftner if they are, let an Inter- 
ſection be taken to any Object, as to any particular 


Nn Part 
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Part of a Caſtle, Houſe, or Cock of Hay, Fc. or 
if all theſe be wanting, to a long Staff with a white 
Sheet or Napkin ſet thereon to render the Object 
more conſpicuous, and let this be placed on the 
Summit of the Land, and let the reſpective Inter- 
ſections fo taken be inſerted on the left Hand Side 
of the Field-Book, oppoſite to the Stations from 
whence they were reſpeCtively taken, 


In your Protraction as you proceed, let every In- 
terſection be laid off from the reſpective Stations 
from whence they were taken, and let theſe Lines 
be continued if they all converge or meet in one 
Point we thence conclude all is right, or fo far as 
they do converge; but if we find a Line of Inter- 
ſection to diverge or fly off from the reſt, we may 
be ſure that either a Miſtake has happened between 
the Station, the foregoing Interſection was taken 
at, and the Station from whence the Interſection 
Line diverges; or there muſt be an Error in the 
Interſection ; but to be aſſured in which of theſe 
the Fault is, protract on to the next Interſection, 
and having ſet it off, if it converges with the reſt, 
tho” the foregoing one did not, we may conclude 
the Fault was committed in taking the laſt Inter- 
ſection but one, and none in any Station, and that 
ſo far is true as is protracted; but if this as well as 
the foregoing Interſection diverge, or fly from the 
Point of Concourte or converging Point of the reſt, 
the Error muſt have its Riſe from ſome Station or 
Stations, at or after that, from whence the laſt con- 
verging Interfection Line was taken; fo that by go- 
ing to that Station on the Ground and proceeding on 
to that where the next, or from whence the following 
diverging Interſection was taken we can readily and 
with little Trouble (ct all to Rights. 


Bu! 
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But in moſt Tracts of Land, one Object cannot 
be ſeen from every Station, or fron: perhaps one 
fourth of them; in this Caſe we are under the Ne- 
ceſſity to move the Pole after we begin to loſe 
Sight of it to ſome other Part of the Land, where 
it may be ſeen from as many more Stations as poſ- 
ſible ; which is eaſily done by viewing the Mearing 


before it be ſurveyed: The Pole then being fixed 


in an advantageous Place, the firſt Interſect ion to it 
is beſt to be made from the ſame Station from 
whence the laſt one was taken, and then as often as 
may be thought convenient as before; in like Man- 
ner the whole may be done by the Removal of the 
Pole. | | 


When we here ſpeak of Stations we do not mean 
ſuch as are uſually taken at every particular Angle 
of the Field: For it is to be apprehended, that every 
ſkilful Surveyor, particularly fuch who uſe Calcu- 
lation, will take the longeſt Diſtances poſſible, not 
only to leſſen the Number of Stations, for the Eaſe 
of either Protraction or Calculation, but with greater 
Certainty to account for the Land paſſed by, on 
the right Hand or on the left, which. is taken by 
Off-ſers: And ſurely it will be allowed that any 


Meaſure taken on the Ground and the Content 


| thence arithmetically computed, will be much more 
accurate than that which 1s obtained from any Geo- 
metrical ProjeCtion. 


From what has been ſaid it is plain, that from 
this Method any Fault committed in a Survey can 
be readily determine d, and therefore muſt be much 
preferable to the preſent Method of taking Dia- 
| Nn 2 | g0nals 


== cans” <4 
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gonals, or the Bearings and Lengths of Lines acroſs 
Land, to accompliſh that Erd; which laſt Method 
is too frequently uſed by Surveyors to approximate 
or arrive near the Content, which will ever remain 
uncertain, let theſe Diagonals be ever ſo many, 
till the Station or Stations wherein the Error or 
Errors were committed, be found; and the Fault or 
Faults be corrected. | 


Where one Diagonal is taken it may perhaps cloſe 


or meet with one Part of the Survey and not with 
the other; in this Caſe, if the Surveyor would diſ- 
cover his Error, he muſt ſurvey that Part of the 
Land which did not cloſe, and this may be halt 
or more, of the whole. And ſhould the Diagonal 
cloſe with neither Part, but be too long, or too ſhort, 
or ſhould it fall on either Side of the aſſigned Point 
it was to cloſe with, he ought to go over the whole, 
and make a new Survey of it in order to diſcover 
tis Error. 


A Number of Diagonals are frequently taken, 
the Sum of the Lengths of which very often exceeds 
the Circuit of the Ground, and after all they are 
but Approximations, and the Content remains uncer- 
tain as before; therefore he who returns a Map, 


made up by the Aſſiſtance of Diagonals, where there 


remains a Miſclofure in any one Part, runs the 
Riſque of being detected in an Error, and muſt ſuf- 
fer Uneaſmeſs in his Mind, as he cannot be certain 
of the Retura he makes, 


The frequent Miſcloſures which are botched up 


ny Diagonals, occaſion the many and frequent 
ROWE | | ſcanda- 
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ſcandalous Broils and Animoſities between Survey- 
ors, which tend to the Loſs of Character of the 
one or the other, and indeed often to the Diſre- 
pute of both, as well as to that of the Science they 
profeſs. | 


But theſe may be eaſily remedied by Interſections, 
and the Bearing or Line be adjuſted where the Fault 
was committed, and till this be found, nothing can 
be certain. 


To 


_ 
2 
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To enlarge or diminiſh MAPS, 


Elo to enlarge or diminiſh a Map, or how to reduce 
a Map from one Scale to another : Alſo the Man- 
ner of uniling ſeparate Maps of Lands which 


Join each ether, inio one Map of any aſſigned 
„ 


AY the * you would enlarge, over the 

Paper on which you would enlarge it, and 
with a fine protracting Pin, prick thro every angu- 
lar Point of your Map, join theſe Points on your 
Paper, (laying the Map you copy before you) by 
pencilled or popped Lines, and you have the Copy 
of the Map you are to enlarge : In this Manner any 
Protrachon may be copied on Paper, Vellum, or 
Parchment for a fair Map. x 


If you would enlarge a Map to a Scale which is 
double, or treble, or quadruple to that of the Map to 
he enlarged; the Paper you muſt provide for its En- 
'argement mult be two, or three, or four Times as 
long a ard broad as the Map; for which Purpoſe in 
large Thirgs you will find it neceſſary to join ſeveral 

hcets of Paper, and to cement them with white 
* afer or Paſte, but the former is beſt. 


Then pitch upon any Point in your copied Map, 
tor a Center; from whence if Diſtances be taken to 
its æxtream Points, and thence if thoſe Diſtances be 
tet in a right Line with (but from) the Center, an 
thele 
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theſe laſt Points fall within your Paper, the Map 
may be encreaſed on it to a Scale as large again as 
its own; and if the like Diftances be again ſet 
outwards in right Lines from the Center, and if 
theſe laſt Points fall within your Paper, it will con- 
tain a Map encreaſed to a Scale three Times as large 
as its own, c. 


Plate XII. Fig. 2. 


Let the pricked or popped Lines repreſent the 
Copy of a Down or old Survey, laid down by 
a Scale of 80 Perches to an Inch, and let it be re- 
quired to enlarge it to one laid down by 40 to an 
Inch. 


Pitch upon your Center as ©, from whence thro” 
a lay the fiducial Edge of a thin Ruler, with a 
fine pointed pair of Compaſſes, take the Diſtance 
from a to the Center ©, and lay it by the Ruler's 

Edge from à to A: In the like Manner take the 
Diſtance from the next Station b to the Center ©, 
and lay it over in a right Line from þ to B. and 
Join the Points A and B by the right Line AB: In 
the like Manner ſet over the Diſtance from every 
Station to the Center, from that Station outwards, 
and you will have every Point to enlarge to; the 
joining of theſe conſtantly as you go on by right 
Lines, will give you the enlarged Map required. 


In taking the Diſtances from every Station to 
the Center, ſet one Foot of the Compaſſes in the 
Station, and the other very lightly over the Cen- 
ter-Point, fo lightly as ſcarccly to touch it, other- 
wile the Center-Point, will become fo wide that it 
may occaſion ſeveral Errors in the enlarged Map: 
For if you err from the exact Center but a little, 
that Error will become double, or treble, or qua- 


druple, 
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druple, as you enlarge to a Scale that is double or 
treble or quadruple, of the given one; therefore 
great Accuracy is required in enlarging a Map. 


When you have done with a Station, give a Daſh 


with a Pen or Pencil to it, ſuch as at the Station a3 


and b; by this Means you cannot be difappointed in 
miſſing a Station, or in laying your Ruler over one 
Station twice. 


From what has been ſaid it is plain, that if a Map 
is to be enlarged to one whoſe Scale is double the 
given one, that the Diſtauces from the reſpective 
Stations to the Center, being ſet over by the Ruler's 
Edge, will give the Points for the enlarged one. 
And thus may a Map be enlarged from a Scale of 
160 to one of 80, from one of 80 to one of 40, 
from one of 20 to one of 10 Perches to an Inch, Sc. 
for to enlarge to a Scale that is double, the Number 
of Perches to an Inch, for the enlarged Map muſt 
be Half of thoſe to an Inch for that to be enlarged: 
Toenlarge to a Scale that is treble the given one, 
the Number of Perches to an Inch for the enlarged 
Map, will be one third of thoſe for the other; if to 
a Scale that is quadruple the given one, the Nurn- 
ber of Perches to an Inch, for the enlarged Map, 
will be one fourth of thoſe for the other, Sc. there- 
fore if you would enlarge a Map which 1s laid down 
by a Scele of 120 Perches to an Inch, to one of 40 
Perches to an Inch; the Diſtarce from the ſeveral 
Stations to the Center, being {et twice beyond the 
ſaid Stations, will mark out the ſeveral Points re- 
quired, for theſe Points will be three Times far- 
ther from the Center than the ſtaticnary Points of the 
Map are. 


In the fare Manner, if ycu would enlarge a 

X F a 4% N 5 
Map from a Scale of 160, to one of 40 Perches 
to 


Err 
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to the Center, being ſet three Times beyond ſaid 
Stations, will lay out the Points for your enlarged 
Map, for theſe Points will be four Times farther 
from the Center than are the Stations of the Map. 


A 

When a Map is enlarged to another, whoſe Scale 
is double or treble, or quadruple Fc. of the given 
one, every Line, as well as the Length and Breadth 
of the enlarged Map will be double, or treble, or 
quadruple, Sc. thole of the given one, for it muſt 
be eaſy to conceive that thoſe Maps are like : But 
the Area, if the Scale be double, will be four 
Times; if treble, nine Times; if quadruple, ſix- 
teen Times that of the given Figure; that is, it 
will contain four, nine, or ſixteen Times as man 
ſquare Inches as the given one (for it has been 
ſhewn that like Polygons are in a duplicate Pro- 
portion with their homologous Sides.) Yet theſe 
Figures being caſt up by their reſpective Scales, 
will produce the fame Content. 


Thus much is ſufficient for enlarging Maps, and. 
from hence, diminiſhing of them will be obvious; 
for one fourth, one third, or half the Diſtances 
from the ſeveral Stations to the Center, will mark 
out Points, which, if joined, will compoſe a Map 
| ſimilar to the given one, whoſe Scale will be four 


Times, three Times, or twice as ſmall as the given 
one, ; 


Thus, if we would reduce a Map from 40 to 80, 
from 20 to 40, from 10 to 20 Perches to an Inch, 
Sc. half the Diſtance of the Stations from the 
Center will give Points requiſite for drawing the 
Map; if we would reduce from 40 to 120, from 
20 to 60, from 10 to 30 Perches to an Inch, Sc. 
one third of the Diſtances to the Center, will give 
the Points for the Map: And if we would reduce 

| 8 Oo from 
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from 40 to 160, from 20 to 80, from 10 to 40 

Perches to an Inch, Sc. one fourth of the Diſtan- 

ces to the Center, will give the Points for the 
Map. | 


By the Methods here laid down I have reduced a 
Map from a Scale of 40 to one of 20 Perches to 
an Inch, which contained upwards of 1 200 Acres, 
and conſiſted of 224 ſeparate Diviſions, without 
the leaſt Confuſion from the Lines; for none can 
ariſe if the Methods here laid down be ſtrictly ob- 
lerved. 


I have alſo from the ſame Methods reduced a 
large Book of Maps, each of which was an en- 
tire Skin of Parchment, and the whole contained 
upwards of 46000 Acres, to a Pocket Volume; 
and afterwards connected all theſe Maps into one 
Map, which was contained in one Skin of Parch- 
ment : Therefore upon the whole 1 do recommend 
theſe Methods for reducing Maps to be much more 
accurate than any of the Methods commonly uſed, 
ſuch as ſquaring of Paper, uſing a Parallelogram, 
proportional Compaſſes, or any other Method I ever 
met with, though the Figures to be reduced were 
ever ſo numerous, irregular, or complicated. 


Hou to unite Separate Maps of Lands which 


join each other, into one Map of any aſſigned 
Sie. 


Ik there be ſeveral large Maps contained in 2 
Book, each of which ſuppoſe to take up a Skin 
of Parchment, or a Sheet of the largeſt Paper; 

which Maps of Lands join each other ; and it be 

required to reduce them to ſo ſmall a Scale, that 
all of them when joined together may be contained 
in 
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in one Skin, half a Skin, or any aſſigned ſized 
Piece of Parchment, or Paper. 


Having pricked off and copied the ſeveral Maps 
on any Kind of Paper, unite them by cutting with 
Sciſſars along the Edge of one Mearing which is 
adjoining the other, but not cutting by the Edge 
of both, and throw aſide the Parts cut off; then lay 
theſe together on a large Table, or on the Floor, 
and where the Mearings agree, they will fit in with 
each other as Indentures do; and after this Man- 
ner they are eaſily connected: Meaſure then the 
Length and Breadth of the entire connected Maps, 
and the Length and Breadth of the Parchment or 
Paper you are confined to; if the former be three 
four, or five Times greater, (that is longer and 
broader) than the latter, reduce each copied Map 
ſeverally to a Scale that is three, or four, or five 
Times leſs, as before; and the fame Parts of the 
Mearings you cut by in the large Maps, by the 
ſame you muſt alſo cut in ſmall ones, and unite 
the ſmall as the large ones were united ; cementing 
them together with white Wafer : Thus will your 
Map be reduced to the aſſigned Size, which copy 
over fair, on the Parchment, or Paper you were 
confined to. 


But it is not always that a Perſon is confined to 

To a given Area of Parchment, or Paper; in ſuch Ca- 

ſes, if there are many large Maps to be united into 

one, reduce each of them ſeverally to a Scale of 

160 Perches to an Inch, and unite thoſe by the Con- 

tiguity of Mearings as before : Or if you have a 

| few, it will be ſufficient to reduce them to a Scale 

of 120, &c. But having the Maps given, and 

7 the Scale by which they are laid down, your Rea- 

| ſon will be ſufficient to dire& you to know, what 
Scale they ſhould be reduced to. 
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the Down, or 
SURVEY. 


any other 


N the Surveyor-General of Land's Office (which 
is now kept in the ſame Building with the Ord- 
nance-Office, in the lower Caſtle- ard, Dublin) are 


kept what is called the Down Surveys, or Surveys 


of moſt of the forfeited Lands in this Kingdom. 
Theſe Surveys were done under the Direction of 
Sir William Petty, Bart. then Surveyor-General of 


Lands, and afterwards Earl of Shelburne about the 
Tear 1641 ; there was a Surveyor previous to this, 


called the Civil Survey, or one by Eſtimation ; and 
becauſe the latter of theſe was laid down by Maps 
on Paper, it thence got the Name of the Down 
Survey. 


About forty Years ago the Treaſury-Office in 
Efſex-Street, where the Surveyor-General's Office was 
alſo then kept, was burnt; and though moſt of 
the Down Surveys were ſaved, yet ſome were con- 
ſumed, and this is the Reaſon that the Sarveys of 
all the forfeited Lands are not to be had at the Sur- 
veyor-General's Office; but Sir Thomas Taylor, Bart. 
has a fair and true Copy of all the Down Surveys 
of the forfeited Lands, which often proves of great 


Ule to Gentlemen; though the Down Surveys 


only, 


How to trace LANDS from 


Of Tracing Surveys. 22; 
ouly, are thoſe allowed by the Laws of the Land to 
be final and deciſive. 


It will not here be unneceſſary 1 to obſerve, that 
6s, 8d. is to be paid for the Copy of every Deno- 
mination, but nothing for a Search, if it be _ 
otherwiſe 5s. is to be paid for the Search, 
the Denomination cannot be found, that is, if 1 
were not forfeited or burnt. 


The Differences generally ariſing about Lands 
wherein Down Surveys are found neceſſary, are for 
the moſt Part of this, or the like Nature. 


A, who reſides in the Country upon his own Ei- 
tate, takes Lands contiguous thereto from B, who 
reſides in the City or far from his Eſtate, and who 
perhaps never ſaw it. A in ſome Time defaces 
the contiguous Mearings, and runs others within 
ſide of B's Ground, ſometimes nearly ſimilar, and 
parallel to the defaced Mearing. At the Expira- 
tion of the Leaſe, A, or his Heir (who may be inno- 
cent of the Matter,) delivers to B, or luis Heir, the 
Lands according to the neu run Mearings; but the 
latter by a Survey he cauſes to be made, in order to 
ſet it to a new Tenant, finds his Land widely defec- 
tive of the Number of Acres demiied to A, which 
alarms him ; and upon applying to A, without find- 
ing any Redrefs, a Law-Suit is commenced. and the 
Court orders a Trace to be run from the Lines of the 
Down Survey: If it is to be had, this readily diſco- 
vers the Fraud, if not, the Matter is determined by 
the Evidences - the oldeſt Perſons of honeſt Re- 
pute in the Nuighbourhocd. 


The beſt Way to avoid all ſuture Diſputes con- 
cerning Lands, is to have the Lands Surveyed be- 
fore 
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286 Of Tracing Surveys. 
fore ſet, and to annex Maps thereof to the Leatcs, 
If afterwards the Mearings ſhould be defaced or 
changed, or any Diſpute ſhould ariſe concerning 
them; the Map to the Leaſe may be eaſily traced, 
and the Difference cahily reconciled. 


A Duwn Survey 1s thus Traced. 


Take a Survey of the Land, as it is ſhewn you 
by the beſt Information you can receive, and make 
a Protraction thereof upon parallel Paper, by a Scale 
of 40 Perches to an Inch. 


Then enlarge your Down Survey to a Scale of 
40 as before, (provided it be not already laid down 
by that Scale, but they are oftner laid down by a 


Scale of 80, of 120, and ſometimes of 160 Perch- 


es to an Inch) for it is not ſafe to enlarge the 
Down Survey from any ſmall Scale to one larger 
than 40, becauſe the Errors of the Diſtances from 


the ſtationary Points if ever ſo minute, will be 


thereby much encreaicd. 


I cannot omit here to obſerve, that ſome in order 


to enlarge the Down Survey, have pricked it off on 


Parallel Paper, and after drawing the Map there- 


on, have (by producing every Diſtance Line) 


found their Bearings, and by meaſuring the Lines 
from the given Scale, have formed a Field-Bock : 
And after ail this Trouble, when they have pro- 
tracted it to the aſſigned Scale, all was wrong, for 
it would not meet or clofe : Of this I have ſeen ma- 
ny Inſtances; yet the Surveyor would make it do, 
as iViiicloiures are many Times forced to do; the 
Conſequence of either, the moſt unſkilful Survey- 
or cannot be ignorant of. 


Let 
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Let the Enlargement you make of the Down Sur- 


vey to the like Scale of your Protraction, be upon 

the thinneſt Paper you can get, which rub over with 

any Kind of Oil, to make it tranſparent, but wipe 

off the Oil that it may not ſmeer the Protraction. 

If Oil of Turpentine can be readily had, it will dv 

beſt, becauſe it won't ſmeer ; but in Cafes of Extre- 
mity, Butter turned to Oil will do 


Then apply your oiled Map, or Enlargement of 
the Down Survey, upon your protracted Map, and 
you will readily ſee what Points of the one will 
coineide with thoſe of the other; and when you 
have brought the greateſt Number of Points in 


each to agree that is poſſible, the Maps are then 


applied to the greateſt Advantage: See then 
where the Lines of the Down Survey run within 
or without thoſe of your Protraction, and prick 
them on it; and to diſtinguiſh them from the 
black Lines of the Protraction, let them be drawn 
in red Ink, or popped. 


Produce every ftationary Line of the Down Sur- 
vey, (or every red, or popped Line) forwards, that 


runs within or without Side of the Protraction; then 


if the Center of your Protractor be applied to every 
ſtationary Point of ſuch continued Lines, and your 


Protractor be kept Parallel to the Parallels of Meri- 


dians on the Protraction; the Continuation of every 
ſtationary Line, will point out on the Protractor's 
Edge, the Degree of Bearing of ſuch Lines: If theſe 
Bearings be inſerted in a Field-Book, as weil 
as the Lengths of the ſeveral ſtationary Lines, 
(which are eaſily obtained by meaſuring them from 


the Scale by which they were laid down,) that Field- 


Book will direct your Trace. 
Being 
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Being thus prepared, go to the Ground and fet 
up your Inftrument at the firſt Station of faid 
Field-Book, and turn the Inſtrument about till you 
make the Needle (if you uſe a Circumferentor) 
point to the firſt Bearing in your Field-Book ; (or 
if you uſe a Theodolite fet it North and South by 
the Needle, and bring the Index to cut the ſaid 
Degree or Bearing): Let the Iaſtrument ſtand in 
this Direction, till you fend forth ſome Perſon to a 
Diſtance, greater if poſſible than the aſſigned one, 
or that of your ſtationary Line; then look through 
the Sights which govern the Direction, and waft 


your Hat to one or to the other Side, as a Token 


to the Perſon you ſent forward to ſtand more to the 
right or to the left, and continue to give the Signal 
till you have him in the Direction of the Sights, and 
then put on your Hat as a Signal to him that he 
is in the true Direction; there let him continue till 
you have meaſured :lie ſtationary Eine in your Field- 
Book towards him, and at the End thereof cauſe 
a large Hole to be dug, or a Stake to be drivea, and 
your firſt Line 1s traced. 1 


In like Manner proceed to trace every Diſtance 
Line, cauſing a large Hole to be made, or a Stake 
to be driven, or both, at every Station; 'till you 
have laid out and traced all your Fieid-Notes : And 
when Lines, or Ditches, are run from one Hole, or 
Stake to another, they will be the tcue Mearings, 
or Boundaries of the Land. 


The Area compreh2nded between the popped, or 
red Lincs, and the black. ones of your Protraction, 
will be what is gained or loft. 


This is the beſt Method of tracing Down Sur- 
veys; and it is plain, that the fame or a like Appli- 
cation may be made of any Survey whatſoever, fo 
as to run a Trace thereof. 


The 


An 


( 289 ) 


ſi 


— 


The Variation of the Cour Ass; 


And how to find it by Amplitudes or Azimuths 
of the Sun, 


i. IT was before obſerved, that the Needle does 

not point truly to the North or Souti Points 
of the Horizon : The Number of Degrees therefore, 
that the Points of the Needle, are from the North or 
South Points of the Horizon, is called the Yarration 
of the Needle, or Compaſs. 


This Variation differs widely i in many Places ; for 


in ſome, the Needle will point ſeveral Degrees on 


the Weſt Side of the North ; at others there will 


be little or no Variation, and again, at others it will 


point ſeveral Degrees on the Eaſt Side; in the 


ſame Place it differs ſenſibly in a few Years : The 


true Cauſe or Theory of which, has not hitherto 
been diſcovered or explained for Want of a ſuffici- 
ent Number of Obſervations. 


2. The Globe of the Earth revolves round 
its Axis in twenty-four Hours from Weſt to Eaſt, 


and hence all Celeſtial Bodies ſeem to move 
ſrom Eaſt to Weſt. 


3. The Extremities of the Axis are called 
the Poles; the one the North or Arctic, and the 
other the South or Antarctic. And if the Axis 


be produced to the Heavens, it will point out 
the ( — Poles, 
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Being thus prepared, go to the Ground and ſet 
up your Inſtrument at the firſt Station of ſaid 
Field-Book, and turn the Inſtrument about till you 
make the Needle (if you uſe a Circumferentor) 
point to the firſt Bearing in your Field-Book ; (or 
if you uſe a Theodolite fet it North and South by 
the Needle, and bring the Index to cut the ſaid 
Degree or Bearing): Let the Inſtrument ſtand in 
this Direction, till you fend forth ſome Perſon to a 
Diſtance, greater if potlible than the aſſigned one, 


or that of your ſtationary Line; then look through 


the Sights which govern the Direction, and waft 
your Hat to one cr to the other Sice, as a Token 
to the Perſon you ſent forward to ſtand more to the 
right or to the left, and continue to give the Signal 
*till you have him in the Direction of the Sights, and 
then put on your Hat as a Signal to him that he 
3s in the true Direction; there let him continue till 
you have meaſured ie ſtationary Eine in your Field- 
Book towards him, and at the End thereof cauſe 
a large Hole to be dug, or a Stake to be driven, and 
your firſt Line is traced. 


In like Manner proceed to trace every Diſtance 
Line, cauſing a large Hole to be made, or a Stake 
to be driven, or both, at every Station; till you 
have laid out and traced all your Fieid-Notes : And 
when Lines, or Ditches, are run from one Hole, or 
Stake to another, they will be the true Mearings, 
or Boundaries of the Land. 


The Area comprehended between the popped, or 


red Lincs, and the black ones of your Protraction, 


will be what is gained or oft. 
This is the beſt Method of tracing Down Sur- 


veys; and it is plain, that the fame or a like Appli- 


cation may be made of any Survey whatſoever, fo 
as to run a Trace thereof. 
The 
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The Variation of the Comeass ; 


And bow i find it by Amplitudes or Azimuths 
of the Sun. 


T was before obſerved, that the Needle does 

not point truly to the North or South Points 
of the Horizon: The Number of Degrees therefore, 
that the Points of the Needle, are from the North or 
South Points of the Horizon, is called the Variation 
of the Needle, or Compaſs. 


This Variation differs widely i in many Places ; for 
in ſome, the Needle will point ſeveral Degrees on 
the Weſt Side of the North; at others there will 
be little or no Variation, and again, at others it will 
point ſeveral Degrees on the Eaſt Side; in the 
fame Place it differs ſenſibly in a few Years : The 
true Cauſe or Theory of which, has not hitherto 
been diſcovered or explained for Want of a ſuffici- 
ent Number of Obſervations. 


2. The Globe of the Earth revolves round 
its Axis in twenty-four Hours from Weſt to Eaſt, 
and hence all Celeſtial Bodies ſeem to move 
irom Eaſt to Weſt. 


3. The Extremities of the Axis are called 
the Poles; the one the North or Arctic, and the 
uther the South or Antarctic. And if the Axis 
be produced to the Heavens, it will point out 
the Crleſtial Poles, 
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4. If a Circle be ſuppoſed to pafs round the Globe 
of the Earth, ſo as to be equidiſtant from each 
Pole, it is called the Equator, or Equinoctial Line, 
and by tome the Line only. 


And if the Plane of the Equator be produced to 
the Heavens, it will lay out the Celeftial Equator. 


5. The Latitude of any Place, is its neareſt Diſ- 
tance to, and counted from the Equator in Degrees 
and Minutes; and is North or South as it hes on the 
North or South Side of the Equator. 


6. The Poles are go Degrees from the Equator, 
therefore the Complement of the Latitude of any Place, 
is the Latitude taken from go Degrees, or the Diſ- 
tancèe of the Place from its neareſt Pole. 


7. The Declinati9n of the Sun, is the neareſt Dit- 
tance thereof from the celeftial Equator counted in 
Degrees and Minutes; and 1s North or South, as it 
lies on the North or South Side of the Equator. 


8. The Sun's Declination taken from go, leaves 
the Complement thereof; or its Diſtance from the 
neareſt celeftial Pole. 


9. The Sun's Altitude, is the Number of Degrees 
and Minutes the Sun is above the Horizon, and is 
caſily found by a Quadrant as before. 


10. What the Sun's Altitude wants of 90, Of 


the Sun's Diſtance from the Zenith or Point of 


the Heavens perpendicularly over yon, is 2h: 
Complement of the Altitude. 
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11. The Magnetical Amplitude, is the Complement 
of the Sun's Bearing at Riling or Setting, taken by 
the Quarter'd-Compaſs; or it is the Number of De- 
grees the Sun is from the Eaſt or Weſt Point cf the 
Compals, at Riſing or Setting. 955 


12. The True Amplitude is the Complement of 
Degrees the Sun would rite or ſet on if the Com- 
did not vary; or it is the Number of Degrees 

the Sun 1s from the Eaſt or Weſt Point of the Ho- 
rizon, at Riſing or Setting; and this true Amph- 
tude is always North, if the Sun's Declination be 
North, or South if the Sun's Declination be South, 


To find the Variation by the 


Amplitudes. 


Having the Latitude of the Place, and the Sun's 
Declination given, the true Amplitude is found by 
this Aſtronomical Proportion, viz. | 

As the Co-fine or Sine Complement of the Latitude, 

[s to the Sine of the Sun's Declinatzor, 

So is Radius 

To the Sine of the True Amplitude. 


Then if both Amplitudes be N. Ad, or bot!: 
South, their Difference is the Variation, but if one 
be North and the other South, their Sum is the 
Variation. 


In know whether the Larius le Fafterly 4. 
Meſterly. 


Let the Obſerver turn his Fac. to the Sun, the 
'f the true Amplitude be to the right Hand of the 
P p 2 magne 
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magnetical one, the Variation is Eaſterly, but we 


to the left, Weſterly. 


EXAMPLE I. 


On the 17th Day of May 1752, the Sun's Bear- 
ing at Riſing, being NE 71, in the Latitude 


53*. 20! N. required the true Amplitude, and the 


Variation of the Needle. 


Becauſe the annexed Table is for the New-S!tle, 
which is 11 Days before the Old; we find the Sun's 
Declination for the 28th of May i in the Leap Year 
(for this Table does not take Place before 1753) 
to be 21” 34'N. 


After the fame Manner this Table may ſerve 
till 1753. 


To find the True Amplitude. 


As the Co-ſine of the Latitude 362.40! g. 77609 
Is to the Sine of the Declination 219. 34 N 9.56536 
Radius 90. 00 10. 00000 


To the Sine cf the true Ampl. 38. 0 N 9.78927 


90-1 ie the Mag. Amp. from the Eaſt. 


True Amplitude E 382.00! N for the Decl. is N. 


Magnetical Ampl. E 95 co N 


Variation 19.00 W becauſe the true 


n 


Amplitude is to the leſt of the magnetical. 


Ex AM- 


we 


fr 
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Ex A My 1. 1 Il. 


Suppoſe the Sun's true Amplitude is found to be 
W 42% 00! S. and the magnetical Amplitude W 23. 
oo S. the Sun's Bearing at ſetting * SW. 
67%. Required the Variation. 


906 a 3 the magnetical Amplitude from 
the Weſt. l 


True Amplitude W 42% 00! 8 
* Amplitude W 23. oo 8 


Variation 19.00 = - 


— 


2 — 


In this Caſe alſo the true Amplitude is to the left | N 
of the magnetical; and therefore the Variation is . 
weſterly. 


EXAMPLE III. 


Sun's Bearing at Riſing being SE 772, 5, and the 
true Amplitude being found to be E 10. 121 N. re- 
quired the Variation. 


% =12%s the magnetical Amplitude 
*. the Eaft. we 


True Amplitude E 10%. 12! N 
Magnetical Amplitude 8 12.30 8 


Variation 22.42 W 
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The true Amplitude being till to the left, the 
Variation is weſterly. 
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EXAMPLE IV. 


Sun's Bearing at Setting is SW 812, and the 
true Amplitude is found to be W 6*. 16. N. Re- 
quired the Variation. 


90 —8 2 =8˙1 the magnetical —— from 
the Weſt. 


True Amplitude W 6. 161 N 
Magnetical Amplitude W 8.30 8 


Variation 14.46 E 


The true Amplitude being to the right of the 
magnetical, the Variation is eaſterly. 


2, To find the Variation by Aztmuths. 


L he Sun's magnetical Azimuth is the Bcar- 
_ . at any Fune of the Day, taken by 
the Quarter'd-Compaſs, that is counted from the 
North or South towards the Eaſt or Weſt Points of 
the Box. 


14. The San's true Azimuth is the Point of the 
Compais it would bear from you upon, if there 
was no Variation; or it is the Diſtance intercepted 
Perween the North or South Points of the Horizon, 
and 1 vertical Circle, or Circle drawn from the Ze- 

'th through the Sun io the Horizon. 


n the Latitude of the Place, the Sun's 


Ds, and its Altitude given, the true Azi- 


wth is obtained by the following aſtronomic al 
— © 


The Variation of the Compaſs. 2095 


1. As the Tangent of half the Complement of 
the Latitude 

Is to the Tangent of half the Sum of the Di/- 
tance of the Sun from the Pole, and Complement of 
the Altitude, | 
Ss is the Tangent of half the Difference between the 
Diſtance of the Sun from the Pole, and Complement of 
the Altitude, | 

To the Tangent of a fourth Arc. 


Add this fourth Arc and Half the Complement 
of the Latitude together, their Sum will give a 
fifth Arc; from which if the Complement of 
the Latitude be taken, the Remainder will give a 
iixth Arc. Then ſay, 


As Radius 

Is to the Tangent of the Altitude, 

$9 ts the Tangent of the ſixth Arc 
To the Ov. ſine of the Sun's true Azimuth. 


Which is counted from the North or South, to the 
Eaſt or Weſt, according to the Sun's Situation at the 
Time and Place of Obtervation. 


: If the Latitude of the Place and the Sun's De- 


clination are both Narthi or both South, the De- 


clination taken from 9go”, gives the Sun's Diſ- 
tance from the Pole; but it one be North and 
the other South, the Declination added to go? will 
give the Sun's Diftorce from that Pole which is 
ueareſt the Obſerver. 


If both Azimuths are Faſt or Veſt, their Diffe- 
tence is the Variation, but if one be Eaft, ard the o- 
ther Weſt, their Sum is the Variation. 


To 
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To know whether the Variation be Eafterly or 
| Weſterly. | 


Juſt as with the Amplitudes, let the Obſerver's 
Face be turned to the Sun; then if the true Azimuth 
be tothe right Hand of the magnetical one, the Va- 
riation is Eaſterly, but if to the left, Weſterly. 


ExXxaMPLE l. 


In the Latitude 53? 20 N, the Sun's Declination 
being 199.03/'N, I find by Obſervation the Sun's Al- 
tieude to be 3%. 30. and its Magnetical Azimuth to 
be SE 51% Required the Variation. 


go®---539.20/=36% 40! the Compt. of the Latitude 


18.20, + the Compt. of the Latitude 
903%. 30 52%. 30l. the Compt. of the 
Altitude. 


90—1 9.04=70.57! the Sun's Dif. from the Pole 
all 52.30 Compt. of the Altitude 


Em — — 


123.27 Sum 


—— 


61.4; Half Sum 


18.27 Difference 


9.13 Half Difference 


— — 


As 
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As the Tang. of f the N 

Comp. of the Latitude, 

Is to the Tangent of ; the 

Sum of the Diffance of the 

Sun from the Pole and Com- 

Fee of the Altitude, | 
Tang. of x their Difference 9. 1 $—S 21022 


18% 20— 9.52031 


19.47938 


To Tangent of a 4th Arc. 42. 18 — 9 95907 


Half the Comp. of the Latitude 189, * 
The 4th Arc | 42. 18 
Their Sum is the 5th Arc 60. 38 
Complement of the Lat. ſubtract 36. 40 
| Gives the 6th Arc >a 
As Radius 909.00'---10.00000 


Is to the Tang. of the Alt. 37. 30 9 88498 
: : Tangent of the th Arc 23 58 — 0.64790 


Co-line of the Sun's true Azim. 70. 04 — 9.53288 


True Azimuth S 707.04! E 
Magnetical Azimuth 8 51.00 E 


Variation 19. 04 W 


The true Azimuth being to the left of the mag- 
-etic?! one, the Variation is weſterly. 


Q | Ex Al- 


61. * 


298 TheVariation of the Compaſs. 
ExAMPLE IL. 


Suppoſe the Sun's true Azimuth N 825.20! E, 


but the magnetical one N 7. 30 E. Required 
the Variation. e 
True Azimuth N 83˙. 20 E 
Magnetical Azimuth N 70.30 E 
Variation 12.50 E 


The true Azimuth being to the right of the 
magnetical one, the Variation is eaſterly, 


ExAMPLE HE. 


Suppoſe the Sun's true Azimuth were S 37", 
151 W. and the magnetical one S 44% 20 W. Re- 
quired the Variation. 


True Amplitude 8 37%. 151 W 
Magnetical Azimuth 8 44. 20 W 
Variation 6.05 W 


The true Azimuth being to the left of tha 
magnenical one, the Variation is weſterly, 
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ExaMPLE IV. 


. Suppoſe the Sun' s true Azimuth be 8 . og W, 
3 the magnetical one S 22. 300 E. Required the 
Variation. 
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True Azimuth S 4% 95! W 
Magnetical Azimuth 8 3.30 E 


Variation 7.35 E 


The true Azimuth being to the right of the Mag 
netical, the Variation is Eaſterly. 


The Variation of the Compaſs was firſt obſerved 
at London, in the Year 1580, to be one Point of 
the Compaſs Eaſterly, or 115. 15 E, after which 
Time it became leſs; for in the Year 1622 it was 
60.00 E, in 1634 it was 49.05 E, and ſo continued 
to decreaſe till the Needle coincided with the true 
Meridian, and then there was no Variation ; after 
which the Variation became Weſterly, and has ever 
ſince increaſed to the Weſtward: for in the Year 
1672 it was 25. 30 W; in the Year 1683 it was 
4. 30 W at Lindon; in 1722 it was at Dublin found 
to be 11. 151 W, and in 1751 it was there found to 
be 19%.00 W; but how far it will continue to move 
more Weſterly, Time and Obſervations will pro- 
bably be the only Means to diſcover. 


At Paris in 1640, the Variation was 3.00! E; 
in 1666 there was no Variation; but in 1681 it was 
2,30 W, and ſtill continues to go on Weſterly, 


How to draw à true Meridian Line i a Map, 
having the Variation and Magnetical Meridian 
given. 


On any Magnetical Meridian or Parallel, upon 
which your Map is protracted, ſet off an Angle from 
the North towards the Eaſt, equal to the Degrees 
or Quantity of Variation, if it be Weſterly, cr trom 

Qq 2 the 
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the North towards the Weſt if it be eaſterly, and 
the Line which conſtitutes ſuch an Angle with the 
Magnetical Meridian, will be a true Meridian Lide. 


For if the Variation be weſterly, the Magnetical 
Meridian will be the Quantity ef Variation of the 
Weſt Side of the true Meridian, but if Eaſterly on 
the Eaſt Side, therefore the true Meridian mult be 
a like Quantity on the Eaſt Side of the Magnetical 
one, when the Variation is weſleriy, and on the 


Weſt Side when it is _— 


How 40 lay out a true Meridian Line by the 
Circumferentor. 


If the Variation be weſterly, turn the Box about 

till the North of the Needle points as many De- 
grees from the Flower- de-Luce towards the Eaſt 
of the Box, or *till the South of the Needle points 
the like Number of Degrees from the South to- 
wards the Weſt, as are the Number of Degrees 
contained in the Variation, and the Index will be 
then due North and South; therefore it a Line be 


ſtruk out in the Direction thereof, it will be a 


true Meridian Line. 


If the Variation was eaſterly, let the North cf 
the Needle point as many Degrees from the Flower- 
de-Luce towards the Weſt ot the Box, or let the 
South of the Needle point as many Degrees towards 
the Eaſt, as are the Number of Degrees contained 
in the Varian: on, and then the North and South of 
the Box, will coincide with the North and South 
Points of the Horizon, and conſequently a Line 


being laid out by the Direction cf the Index will be 
3 true Meridian Line. 


This 
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This will be found to be very uſeful in ſetting an 
Horizontal Dial, for if you lay the Edge of the In- 
dex by the Baſe of the Stile of the Dial, and keep 
the angular Point uf the Stile towards the South of 
the Box, and allow the Variation as before, the 
Dial will then be due North and South, and in its 
proper Situation; provided the Plane upon which 
it is fixed be duly horizontal, and the Sun be 
South at Noon; but in Places where it is North 
at Noon, the Angular Point of the Index muft 
be turned to the North. 


How 1 ray be traced by the Help of a true 
* Meridian Line. 


If all Maps had a true Meridian Line laid out 
upon them, it would be eaſy by producing it, and 
drawing Parallels, to make out Field Notes; and by 
knowing the Variation, and allowing it upon every 
Bearing and having the Diſtances, you would have 
Notes ſufficient for a Trace. But a true Meridian 
Line 1s ſeldom to be met with, therefore we are ob- 
liged to have Recourſe to the foregoing Method- 
It is therefore ad viſeable to lay out a true Meridian 
Line upon every Map. 


AT A- 
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For the Years 1753. 1757, 1761, 1765, 1769, 1773. 
1 | Jan. , Yeb. March. April | May | June 
1 = 8. | 8. 8. | N. N. | N >, 
5 — N — — 1— — S 
> 4 o | o | © | o | S 1 8 
1-1 | | | + 
a 22 as 16. 08 S 6.1 16.0 22 29 4 
8 2213] 1454 4.46 17.10] 22.54] 8 
ea 25.37} 33-30! 3-22; 18.1 23.122 
10 20.544 1214 1-37] 19.10 23-23 16 
20] 20.044 10 49 0.03 20,03 3-29j20 
[2.4] 19.09 9-20 N $ 32 20.4 23 27124 
18.081 7. "RS 21. BD 23.1928 
For the Years 1754 1758, — 76 3. 1 1774 
| =2-45] 16.15] $6.25] 5.42 = | 
2 ie} 14.55] 4:52} 713] 17-05 
124 21.39] 1340] 3.13] $8.41] 1808 
6 20.57 12.1 1.43} 10 19. 
20 20,07} 10.54] oogf 11.3] 19.5 
[24 19.124 9.200 N 1.26 12.52) 20 47] 
| 28! 18.111 7.54! 3. 14.00; 21.29 
| For the Year 1755, 1759. 1763. 3707, 1771, 1775. | 
4 ann 5.344 15-54 24.27 44 
| 8 15.0 4888 7.07 17.02 22.51] 8 
12 13.451 3-2 8.3 18.05} 23.1cht2 
164 12.24 14 10.034 19.03} 23.23 16 
20 10.59} O-14j 11.27 19.56} 23.2820 
2.1 932 N 1. 200 12.47} 20.44 23 2824 
281 18 5 Oz} 2.54' 14.05} 21.66 23.21028 
Fer the Years 1756, 1760, 1764. 1768, 1772, 1776 | 
22.48 16.21 88.73 22.310 4 
22 20 15.05] 4.49 22-55} 8 
124 214 13.50 3.06 23.1312 
16 21.02] 12-20} 1.31 23 24416 
20} 20. 14 11. 041N o.03 23.2020 
24 19.19 9.37 1.38 h 
(28 18.100 8.080 3.12 23.1812 8 


— 
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Each being the firſt Year after l 
eee i Nov. | Dec. | 
ly | Auguſt| Sept. | OR. 2 
2 No N . — 
| - eo ! — | | 
= 8 | | A 11 9 | | | 0 | | 4 1 0 A | 
= | - = | 15.20] 22.20] 4| 
4 | 22.55] 17.15 N 7'09 7 | 1 22.48 814 
8 | 22.30] 16.09] 5.39 £ 7.48] 23.09}12 | 
4 | 8 08 7.30] 17.4 3 | 
12] 22.00 4 2 8.500 18.51] 23.236 
16] 21.23] $4 + | 10.27] 19.458] 23-2920 | 
on 20.45). 32.2 1.52] 20. 23.2724 } 
1.0018 O. 324 11-5 39 
24] 19.531 11. 7 206 13-1 21.24 23.18 28 
. 9.088. _$ — fter Leap- Year 
| | Each — —.— 2 — 22-17) 4 | 
6 * $53 16.37 22.46 8: 
. * be 7-24] 17.44] 230512 
15 3 8.54] 18.47 23-2216 
| * 3 10.21] 1948] 22.28 Pl 
| „ 11.47] 20 36 23.2724 
2⁴⁵ 2.00 | 13.09} 21-22 * 
| Each being the third Year after A * 
2 57] 17.-23]N 7.200 415] 15.20} 22.16, , 
| 4 2 57 6 17 | 5.50 | 5.47 16.33 22.45 8 
| 8 22.34] 1 1 | 2 | 7.19] 15.4 230712 
* * 1 ** 2.46 | 8.58 15.4; 2341 i 
N BD {- 131 10.16 19.410 232520 
2 wr 4 11.42] 2033! 2 18974 | 
24] 20.01] 11. if 1.540 13.04] 21.10] 2129 25, 
28 19.07 19.51 3 | 4 
| Each being Leap-Year. — 
BD _ 2021 22 18.34 822.22, d; 
41 22-54] 25 bo . 4 ak 22 mY | 
n 223 9 16 55 220% 
160 $3-09 £444 = 10.33] 19.52] 232 20 
20 1 — 8 0.38] 11.58 20.42 2327 24 | 
28 18.50 5 9:35 2-121 1316) 21-271 23-1725 
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To reduce one Mrasure to 
another. 


PRO B. I. 


To reduce Iriſh 10 Engliſh Acres, and the 


contrary. 


II is plain, that if any Parcel of Ground be 

meaſured by Chains of different Lengths, that 
the Figures conſtructed from theſe different Mea- 
fures will be unequal, but like to each other; and 
tnerefore ſuch Figures will be in a Duplicate Pro- 
portion to their homologous Sides, by Theo. 23. 
Sect. I. | 


I. et (in Plate 2. Fig. 6) abcde be a Map of Ground 
that was meaſured by an Iriſb or Plantation Chain, 
and ABCDE be another of the fame Ground tha: 
was meaſured by an Enghſh or Statute Chain; it 
the Line ah in the firſt be 11 Iriſb Perches, the Line 
AB in the other will be 14 Engliſh ones; for it has 
been already ſhewn in Page 135, that 11 Jrifſþ Per- 
ches are equal in Length to 14 Enghſh ones. 
Whence it is plain that. 


1 


To redilte que Meiafilre to diidther. 26% 


1. F you would reduce . Ares 0 Engliſh ones, 


it «vill be 


As the e of 11, or 121, 
1 tu the Area in Iriſb Acres, 


* The Square of 14 or 196, 
To o the Area in Enghſb Acres. 


2. And if you would reduce Engliſh Acres to Iriſh 


ones, it will be 
As the Square of 4, or 196, 
1 to the Area in Egle Acres, 


: The Square of 11, or 121, 
75 the Area in Iriſþ Acres. 


EXAMPLE I. 


ä | 
Reduce 246. 3. 14 Plantation Meaſure to Statute 
Meaſure | 4 


r 


987 


Rry 121 


ww —_———_ 


To reduce one Meaſure to another. 


P. 
121 ** 2 196 
236964 
355446 
39494 160 
1 ee st * 15 
4 1597 
2 25 
892 400 330K 
„ 2 


Anſwer 339A. 3R. 23. Statute Meaſure: 


EXAMPLE 


To reduce one Meaſure io another. 30% 


EXAMPLE IL 


a 8 K+ 
Reduce 416. 2. 14 Stat. Meaſure to Plantation 
Meaſure 4 
1666 
2 
66654 
P. y 
196 : 66654 I21 
_ 
66654 
133308 
66654 160 
— — A. R. P. 
196) 8065 i 34(41148(257. o. 28. 
225 914 
291 1148 
953 28 
1694 
126 


Anſwer 257A: OR. 28 P. Plantation Meaſure. 


„ PROB. 
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PROB. l. 


How t9 reduce Plantation Meaſure to Cuning ban: 
Meaſure, and the contrary. 


Since 7 Yards or 28 Quarters make an Iriſh, and 
64 Yards or 25 Quarters a Cuningham Perch; 
therefore 25 Inſh Perches, are equal Length to 
28 Cuningham ones: For 25 x 28 = the Quarters 
in 25 Iriſh Perches, will be = 28 x 25, the Quar- 
ters in 28 Cuningham Perches. Then as before 


1. F you would reduce Irifh Acres 10 Cuning bar: 


aues it will be 


As the Square of 25, or 625 

Is to the Area in Iriſh Acres, 

: + The Square of 28, or 784. 
To the Area in Cuningham Acres. 


2. If you would reduce Cuningham Acres to Iriſh 
ones, it will be | | N 

As the Square of 28, or 784, 

IL to the Area in Cuningham Acres, 

* : The Square of 25, or 625, 

To the Area in Iriſh Acres. 


EXAMPLE I. 


1 W . 
In 321. 3. 20 Iniſh, how many Cuningham Acres * 


„ 
321. 3. 20.251500 


12.4 
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3 P. 
625 : 51500 : : 784: 64602 
P. A K 


64602=403. 3. 02 Anſwer. 


EXJAMP LE II. 
A. R. p. 


In 403. 3. 02. of Cuningham Meaſure, how 
many Irnſh Acres: * 


t 
403. 3. 0264602 


P. 0 
784 : 64602 : : 625: 51500 
p. A. R. P. 

51500 = 321. 3. 20 Anſwer, 
| PROB. W. 


| Flow to reduce Statute Meaſure into Woodland 
Meaſure, and the contrary. 


Since 81 Yards or 11 half Yards make a Sta- 
tute Perch, and 6 Yards or 12 halt Yards, one of 
Woodland Meaſure; therefore 12 Perches of Sta- 
tute Meaſure will be equal in Length to 11 of 
Woodland Meaſure. Then 


1. F you would reduce Statute Acres to thoſe of 
IVcodland, it will be, 


As the Square of 12, or 144, 

b to the Area in Statute Acres, 
* The Square of 11, or 121, 

7 the Area in Moadland Acres. 


to 


if 
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2. F you — reduce Woodland Acres to o Statute 
ones, it will be, 


As the Square of 11, or 121, 

1 to the Area in Woodland Acres, 
: The Square of 12, or 144, 

To 9 the 2 in Statute Acres. 


ExameLE I. 


AK F. 
In 206. 2 12. Statute Meaſure, how much of 
Woodland Meaſure? 


3 P. 
206. 2. 122 33052 


| P. =: 
144: 33052 :: 121: 27773 
P. A. R. P. 


27773173. 2. 13 Anſwer. 


ExAMuTI II. 


A 
In 173. 2. 13 of Woodland Meaſure, how 
many Statute Acres ? 


K F 
173. 2- 13=2]7]3 

P. — 
121: 27773 : : 144: $3052 


CVVT 
33052 = 206. 2. 12 Anſwer. 


299222 


PRO. 


Ns 
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P R O Z. IV. 


How to reduce Statute 4 to Churchland Mea- 
ſure, and the contrary. 


This is done by the ſame P ions uſed for 
Statute and Plantation Meaſure, the the Kn of the 


Perch of Churchland Meaſure being the with 
the Plantation Perch. 


2 R O B. v. 


How to reduce Statute to Foreſt Meaſure, and the 
contrary. 


Becauſe 51 Yards or 11 half Yards make a Sta- 
tute Perch, and 8 Yards or 16 half Yards a Perch 
of Foreſt Meaſure ; therefore 16 Perches of Sta- 


tute Meaſure, will be equal in Length to 11 Per- 
ches of Foreſt Meaſure ; and then, 


1. if you would reduce Statute _ to theſe Ul 
Foreſt Meaſure, it will be 


As the Square of 16, or 256, 
1s to the Area in Statute Acres, 
:* + The Square of 11, or 121, 
To the Area in Foreft Acres. 


2. If you would reduce Foreſt Acres 10 Statut 
ones, it will be 


As the & quare of 11, or 121, 
_ zo the 7 in Foreſt Acres, 
» The Square of 16, or 256, 
To the Area in Statute Acres. 
= 
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In 200 Statute Acres, how many Foreſt ones? 


A: A&R 
256 : 200 : : 121 : 94. 2. 5 Anſwer. 


A. KK #F 


Statute Acres ? 


A. R. P. P. 
94- 2. 05 = 15125 

P. P. 
121: 15125 : : 256 : 32000 
. 
32000 200 Acres. Anſwer. 


PRO . VI. 
How to reduce Statute 10 Scotch Meaſure, and th: 
contrary. 


The Engliſh Perch being 51 Yards, or 53, that 
is 33 fixths of a Yard, and the Scotch one being 6; 
Yards, or 37 Sixths of a Tard; therefore 34 Sta- 
tute Perches are equal in Length to 33 Scotch Per- 
ches. And then, | 


1. If you would reduce Statute to Scots Acres, it 
will be, 


As the Square of 37, or 1369, 
15 to the Area in Enghſb Acres, 


De Square of 33, or 1089. 
To the Area m Scots Acres. 


In 94- 2. 05. of Foreſt Meaſure, how many 


a. VW 
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2. F you would reduce Scots to Statute Acres it 
will be 


As the Square of 33, or 1089, 
ts to the Area in Scots Acres, 


: : The Square of 37, or 1369, 
To the Area in Enghſh Acres. 


ExamPeLE I. 


. 
In 96. 3. 12. Statute Meaſure, how many 
Scots Acres? 
P. P, 
: 12 = 15492 
P. P. 


1369: 2 10 2: . - 12323 
P. 1 
12329 =77 : 0 : 03 Anſwer, 
. 


In 77: : 0: : o3 Scotch Res, how many 
Statute Acres? 


iu, 2 


77: :0: :03 = 12323 

p. . 

1089 :: 12323: : 1369 : 15492 
P. 1 


15492 = 96: : 3: :12 Anſwer 
S's Three 
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Three very uſeful PRoBL EN S. 


PROB. L Ss 


A Map with its Area being given, and its Scale 


omitted, to be either drawn or mentioned; 10 Jind the 
Scale. 


As the Area found 


* to the Square of the Scale by which you caſ up 
: The given Area of the Map 


To o the Square of the Scale by which it was laid down. 


AST up the Map by any Scale whatſoever, 
and it will be, 


The Square Root of which will give the Scale. 


EXAMPLE. 


A Map hots Area is 126A. 3R. 16P. being 


given; andits Scale omitted to be either drawn or 
mentioned; to find the Scale. 


S © 


Suppoſe this Map was caſt up by a Scale of 20 
Perches to an Inch, and the Content thereby produ- 
ced be ga. * 34P. 


4 
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As the Area found 31A. 2R. 34P.=5074P* 

I to the Square of the Scale by which it was ? 400 
caſt up, that is to 20 x 20= 

: : The given Area of the Map 126A. 3R. 16P. 
=20296ÞP. 

To the Square of the Scale by which it was laid down. 


5074: 400 = 20296 : 1600 the Square of 
the required Scale. | 
8 Root 


1600040 
16 


Anſwer. The Map was laid down by a Scale of 
40 Perches to an Inch. 


PR OB. II. 


How to find the true Content of a Survey, though 
A be taken by a Chain that is 0 long or 100 
rt. | | 


Let the Map be conſtructed, and its Area found 
2 the Chain was of a true Length. And it 
will be 


As the Square of the true Chain 

1s to the Content of the Map et 

: : The Square of the Chain you ſurveyed by 
To the true Content of the Map. 


Ss 2 ExAM- 
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EXAMPLE. 


If a Survey be taken with a Chain which is 3 
Inches too long; or with one whoſe Length is 
42 Feet 3 Inches, and the Map thereof be found 
to contain 920 A. 2R. 20P. Required the true 
Content. 5 


As the Square of 42 F. o In. e Square of 504 
Inches = 254016 
1s to the Content of the Map 920 A. IR. 20P. = 
 147260P}. 5 
De Square of 42 F. 3 In the Square of 507 
ſncbes=257049 | | | 
Zo the true Content. 


P. P. 
254016 : 147260 : : 257049: 149019 


160) 1490190931 . 1. 19 Anſwer. 1 


501 


PROB. 
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P R O B. III. 


How to druide Land, or to take off any given Part 
from a Map. 


Plate XII. Fig. 1. 


Let ABCD, Ge. be a Map of Ground, containing 
11 Acres, it is required to cut off a Piece as 
- DEFGID, that ſhall contain 5 Acres. 


Join any two oppoſite Stations as D and G, with 
the Line DG, (which you may nearly judge to be 
the Partition Line) and find the Area of the Part 
DEFG, which ſuppoſe may want zR. 20P. of the 
Quantity you would cut off : Meaſure the Line DG, 
which ſuppoſe to be 70 Perches. Divide 3R. 20P. 
or 140P. by 35, the = of DG, and the Quotient 4 
will be a Perpendicular for a Triangle whoſe Baſe is 
70, and the Area 140P. Let HI be drawn parallel 
to DG, at the Diſtance of the Perpendicular 4, and 
from 3 where it cuts the Mearing, draw a Line to 
D, and that Line DI will be the diviſion Line; or 
a Line from D to H will have the fame Effect; ali 
| 2 muſt be evident from what has been already 
aid. 


Some neceſſary Directions concer ug Surveys in 
general. 


If you have a large Quantity of Ground to ſurvey, 
which conſiſts of many Fields or Holdings, and 
that it be required to map ard give the reſpective 
Contents of the ſame. It is beſt to make a Survey 
of the Whole firſt, and to be ſatisfied that it is truly 


taken, 
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taken, as well as to find its Content; and as you go 
rourd the Land to make a Note on the Side of your 
Field-Book at every Station where the Mearing of 


any particular Field or Holding interſects or meets 


the Surround ; then proceed from any one of thoſe 
Stations, and in your Field-Book ſay, proceed from 
fuch a Station, and when you have gone round that 


Field or Diviſion, inſert the Station you cloſe at, 


and fo through the whole; a little Practice can only 
render this tufficiently familiar, and the Method of 
ProtraQtion muſt be evident from the Field Notes. 
When the whole is protracted, and you are ſatisfied 
of tne Cloſes of the particular Diviſions, caſt up each 
teverally, and if the Sum of their Contents be equal 
to the Content of the whole firſt found, you may 
lately conclude that all is right. 


The Protraction being thus finiſhed and caſt up, 
transfer it on clean Paper, Vellum or Parchment, as 
before; be careful to draw your Lines with a fine 
Pen, write on it the Names of the circumjacent 
Lands, and ſet No. 1, 2, 3, 4, &c. in every parti- 
cular Field or Diviſion; let every Tenant's particular 


Holding be diftinguiſhed by a different coloured 


Paint being run finely along the Boundaries; let 
all the Roads, Rivulets, Rivers, Bridges, Bogs, 
Loughs, Houſes, Caftles, Churches, Beacons, (or 
whatever elle may be remarkable on the Ground) 
be diſtinguiſhed on the Map. Write the Title of 
the Map in a ncat Compartment either drawn, or 


gone from a good Copper-Plate graving, with the 


Noybl-man's or Gentleman's Arms. Prick off one of 
vour Parallels with the Map, and on it make a Ma- 
riner's Compals, and draw a Flower de Luce to the 
North, and this will repreſent the magnetical North, 
after which ſet off the Variation, which expreſs in 
Figures, and through the Center of the Compals, 

let 
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let a true meridian Line be drawn of about 3 Inches 
long, by which write True Meridian. Let a Scale 
be drawn, or it 1s ſufficient to expreſs the Number 
of Perches to an Inch, the Map was laid down by. 
Draw a Reference Table of three, or, if Occaſion 
be, of four or more Columns: In the firſt infert the 
Number of the Field or Holding: In the next its 
Name, and by whom occupied: In the third the 
Quantity of Acres, Roods and Perches it contains : 
If you have unprofitable Land, as Bog or Moui- 
tain, let the Quantity be inſerted in the fourth Co- 
lumn; and, if it be required, you may make ano- 
ther Column for Statute Meaſure, and then the Map 
is compleated. 


It has been uſual with Writers on this Subject to 


treat on the ſeveral Colours fit for Maps, and of 
the Manner of Waſhing, Grinding and Mixing 
them; but as ſuch may be had at many Druggiſts 
Shops ready made up in Shells, much better than I 
can pretend to adviſe, I refer ſuch as want, to apply 
to them, 
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